. SYST E M 
ARITHMETIC: 


CONTAINING 


IV. Sexageſimal. VII. Lineal. 
II. Decimal. V. Political. VIII. Liſtrumental. 
III. Duodecimal. | VI. Logarithmical. | IX. Algebraical. 


With the Arithmetic of Negatives, and Approximation 
or Converging Series. 


The Whole intermix'd with Rules New, Curious, and 
Uſeful, moſtly Accounted for in the PREFACE, 


The Algebraic Part is rendered more Plain and Eaſy, than hath been done, 
by Inſtructive Rules and Examples Literally and Numerally, in a Method 
New : Solving Equations, Simple, Quadratic, Cubic, &c. ſeveral ways. 

And in the proper Places of this Work are An Accurate Table of Logarithms 
to 10000, and Rules to find thoſe to tro0000000, and Natural Numbers 
to ſuch Logarithms ; with the full Uſe of the Table in Multiplication, Di- 
viſion, Involution, Evolution, and in the Solution of all Caſes of Com- 
pound Intere/t, of which there are 24 Large and Exquiſite Tables, (and 
one for the Valuation of Church or College-Leaſes of their Land) as alſo 
thoſe of Simple Intereft and Diſcount, with a new Method of finding the 
later and the preſent Worth of Money for Days. 


Alſo Ample Definitions and Explanations of Numbers, Quantities and Terms 
uſed in all Parts of Arithmetic, in Alphabetical Order; rendring the 
Whole more Intelligible, and Eaſier-Learned. 


With an APPENDIX, ſhewing the Menſuration of more Superficies and 
Solids than any Book wrote purpoſely on that Subject has exhibited, 


Neceſſary for all who who would in a ſhort Time, and with little Study, acquire 
a competent Knowledge of Numbers and Species, or would make any conſidera- 
ble Progreſs in the Mathematicks, 


I. Vulgar. 
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By EDWARD H4LTTON, Gent, 
The Third Edition. 
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W@REATNESS and Goodneſs (you know, 
Sir) compleat\ the Rational Specie: By 
0 Greatneſs I mean true Magnanimity em- 
Sl bgllifhed wi Learning and. Science; by 
5 Gooanefs I ſuppoſe uch ad one bs above, 
LS 8X finiſhed with an humble condeſcending 
communicative | Temper or Diſpoſition : And by how much 
any one excels in the former, by ſo. much he is to be ad- 
mired for the later Endowments. I need not tell the 
World how much the Qualifications and Acquirements of 
the firſt kind are your's, Sir: Your Learned Treatiſes of 
Philoſophy, Aſtronomy, &c. in another Language, are ſuf- 
ficient Indications of that: And for the other, I have ex- 
perienced- your Condeſcending, Generous, and Diffuſive 
Goodneſs, not only in your giving me an Opportunity of 
being known to you; but by the many Favours in ſo ſhort 
a time received from you: Which propitious Providence 
having ſo ordered as to be the Conſequence of my writing 
the following Book, I could neither juſtly nor naturally 
think of Dedicating it to any but Yourſelf. 

AND altho' I am far from having intended this Treatiſe 


for the few of your Superior and Univerſal Genius; yet I 
A 2 am 


Bud ſome things 
W Who have not, 
but are deſitous to — the Tre of Arts Mathe- 
matical, (a Study ſo exceeding. Pleaſant. and Uſeful) I have 
endeavoured to guide them at leaſt to the Entrance of that large 
and unfrequented Path, in which you and ſome others of 
your moſt Illuſtriouſſy Learncd Royal Society have made 7 
vaſt a Progreſs. 

THE Preface enumerates ſome of_thoſe many Things 
which I take to be New, and not * any other 
Treatiſe of Atithmetic in our own _ : And for 
what is in others, I know you are a much better Judge than, 
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EW AVING for many Years paſt ſpent my Leiſure Hours in 
ty Mathematical Studies, and not meeting with any Treatiſe 
teaching in a Succinft Order, and Good Method, all the 

" Partsof Arithmetic ; and having made Emendations and 
Wy Improvements in moſt, and inveſtigated and diſcovered 
GL things new in many others: I ſuppoſed the Publication 
thereof would be accordingly received by the Studious in 

' this Art. But to be a little more particular, I have, by way of Intro- 
duction, inſerted very Uſeful and Copious Definitions of Numbers, 
and Explications of Terms Arithmetical, which will admit of the Whole 
being eaſier underſtood and ſooner l-arnt. I have next given the moſt 
large and plain Numeration-Table ; and Tables and Rules to af 
the leſs knowing in Addition without Pang and Carrying z and how 
to add Money, Weight, Meaſure, &c. by one Rule: alſo Tables of Weight, 
Meaſure, Sc. in a more accurate Method, and more various than others : 
The Reaſon of the Way of Working in Subſtraction and Multiplica- 
tion; and in Multiplying by ſeveral Digits, I have given the Reaſon why 
the Products of all from the firſt are put one place more towards the left 
hand : Alſo a large Table for Beginners, and a new brief one of my own. 
Contrivance for.the more Skilled. In Diviſion I Dave ſhewed four _— 
8 a ays, 
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Ways, with the Reaſon of the Method of Operation, and how to find all 
the even Parts of any Numbers, which is applied in finding the Aliquot 
Parts 4 a Pound Sterling, &c. And beſides the plain and beſt Way of 
Extracting the Square and Cube Roots of Numbers, I have given 
Rules how to do that of the Biquadrate by an Example altogether New, 
and muſt be eſteemed Curious, eſpecially to thoſe who are not acquainted with 
Algebraic Canons. In Progreſſion you have ſeveral things not to be found 
in other Books of this Subjels; as Rules to find the Total of a Series pro- 
duced by different Factors, and of the Changes to be rung on any Number of 
Bells, &c. with the Reaſon of the Abſtruſe Rules for finding the To- 
tals of Series's whether the Ratio be Arithmetical or Geometrical : And 
have recommended this Part of Arithmetic to the Learner*s Peruſal, and 
not to be paſſed over, as is too common both in Books and Schools. And 
whereas others on this Subjeft give but four, or at moſt five kinds of Rules 
of Proportion, I have in this Treatiſe exhibited Twelve. The Rules 
of Practice are far more Numerous, Brief, and Methodical, bar 
any done by another Hand : And here are many things mare than common 
in Fellowſhip, as three ſeveral Ways of anſwering Queſtions, &c. as alſo 
in Alligation, Barter, and Equation of Payments. 

In Decimal Arithmetic (beſides the Hint given of a New Specie there- 
of ) you have ſo many things truly Novel and Curious, eſpecially in 
Reduction and Multiplication, as would be too prolix to enumerate ; where 
you will find ſome Anſwers exhibited by ſhort and accurate Methods quite 
contrary to the General Rules given for Addition and Subſtraction; i. e. By 
Adding and Subſtrafting one and the ſame Number, as Units to Tens place, 
&c. and the contrary. | | 

And in the Uſe of Decimals, beſides the Way of Anſwering any Queſtion 
by Decimals as exattly as by Vulgar Fractions (which to me is wholly new) 
you have the only Genuine Tables of Diſcount that I know extant, 
with a New as well as more Brief and Eaſy Methodof Computing both 
Diſcount and Preſent Worth of any Sum for Days, ( ſo much practiſed 
by Traders) the Foundation of which you will find in Algebra, Chap. 10. 
T have next ſcewed the Arithmetic of Duodecimals and Sexageſimals; 
the former uſed in Menſuration of Super ficies and Solids, the later (chiefly) 
in Aſtronomy, whence called by ſome Aſtronomicals: andtheſe I have done in 
a new plain Method, and for the more difficult Caſes. As to Political 
Arithmetic, I have ſaid enough lo ſhew its Nature and Manner of Proceſs 
to diſcover what is required, Al kramer the ſame by Examples, and habe 
referred to others who have purpoſely and wholly treated thereon. In Loga- 
rithms I have omitted nothing that I could find neceſſary or deficient 
in other Authors; and believe 1 may with Veracity affirm, That no Boo 
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of Arithmetic affords ſo ample and plenary Tnſtruftions on that Head: And 
bave endeavoured to- render that part which has put many to a Ne plus 
ultra (as being ſomewhat leſs Intelligible, and not eaſily retained in Me- 
mory)' I mean the Addition and Subſtraction of the Logarithms of 
Decimals, plain 2 any of a moderate Capacity; and have enlarged in a 
familiar way on the Ute of Logarithms in Multiplication, Diviſion, 
Involution, Evolution or the Extraction of the Roots of all Powers ; and 
in the Solution of all the Caſes of Compound Intereſt : As alſo how 
Operations in Vulgar Frattions are performed by Logarithms, whereof I 
have given you a large Table actually and by Inſpeftion to 10000 and 
made it ſubſervient for Natural Numbers, tho“ ſo great as 100000000, by 
help of a Table of Proportional Parts (there alſo inſerted) or without it ; 
and have taken the elaborate Pains to write both Tables all over with my 
own Hand, that I might the better anſwer for their Accuracy: In doing 
whereof, I bave corrected 33 Errors in one of our laſt publiſhed Tables to 
10000 z and comparing the ſame alſo with Mr Norwood's 3d Edition of 
his Trigonometry, I have rettified bis in 182 ſeveral places: ſo that I hope 
mine will be found very Correct. In Lineal Arithmetic 1 have performed 
my Operations three ſeveral ways, and have ſhewed how to make the 
Lines of Chords for the Menſuration of Arcs of Circles; the Line of 
half Tangents for Diameters, or thoſe Great Circles repreſented thereby in 
Projettions of the Sphere; und the making the Line of Numbers, com- 
monly called Gunter*s Line, to any Radius from a Table of Logarithms ; 
and this both on a right Line and on the Ambit of a Circle: which I wound 
not omit, in regard 1 found many of the Inftrument- Makers that I diſcourſed 
on this matter, to be ignorant of it. What I have advanced in Inſtru- 
mental Arithmetic, will be found not only New and Pleaſant, but very 
Uſeful, particularly the new and plain Way of Working by Neper's Bones 
but eſpecially the Uſe of my New Circular Inſtrument contrived by me, 
whereby the Reduction of Coin, Weight, and Meaſure to Decimals, 
and the contrary, are ſpeedily, eaſily, and accurately performed; 
not by gueſs, (as ſome Scales only have them) but actually and explicitly, 
as I have ſhewn by various Examples. And Multiplication, Diviſion, and 
Exirafion of Roots, &c. may be done by the two Lines of Numbers made 
to turn round one within the other, and are placed next the Limb or Edge of 
the Inſtrument, the Dimenſion whereof being ſo large as 33 Inches, I doubt 
not but it will be allow'd as the beſt and moſi compleat extant for all Arith- 
metical Uſes. In Algebra I have previouſly given many more Numerous 
and Uſeful Definitions relating to this Analytical Art, than any Treatiſe 
of Arithmetic affords ; and have throughout that profound Science illuſtrated 


the Nature and demonſtrated' the Truth of the Symbolical Opera- 
a 2 tions 
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tions by Numeral Examples, intermixing ſeveral things New, and my: 
own Invention: particularly the Way of finding the Unciz of Powers 10 
- the 15th,. and the Powers of a Binomial to the 10th, as alſo the Uncia of 
any Term or Member of any Power without the Knowledge of thoſe 
of any previous Power. I have alſo ſhewed the Reaſon of the Proceſs in 

Extracting the Roots from the reſpective Powers of a Binomial ; and 
have likewiſe made th: Algorithm of Surds very perſpicuous by Examples 

in Numbers as well as Species, and have done the like in all the Rules 

of Algebra; and I have ſbewed not only the Solution of Simple Equa- 

tions and thoſe by various Poſitions, but Quadratical, and Cubical; 

each three different ways : 1n all which, as well as in Approximation or 

Convergiag Series, 7 bave purpoſely deſigned to render the Manner of 
Solution intelligible to a mean Capacity, that being the principal thing in 

which the Learned Authors on this Subjeft have been deficient. The Arith- 

metic of Negatives I have fully accounted for, as will appear if to what 
is ſaid under Negative Arithmetic, in the Alphabetical Explanation at 

the beginning of Algebra, you add what is in Set. 3. of Chap. 7. in Sect. 2, 

3, 4, 5. of Chap. 10. and under the laſt of my Examples of Converging 

Series, near the Cloſe of this Treatiſe. 

But notwithſtanding the particular Regard of my former Labours, and 
eſpecially of this, to promote a ſort of Learning Jo Uſeful to the Public; yet 
fo numerous are the capacioys and prejudiced Readers of this our envious Age, 
that it would be Vanity in me to hope to eſcape their Cenſures. But if my 
Endeavours prove acceptable to the two Claſſes of Readers for whom they 
were chiefly intended, i. e. the Candid and Induſtrious Teacher and the Di- 
ligent and Studious Learner ;. 1 ſhall eſteem it a good Step towards an ample 
Compenſation for ibe uncommon Care and 7 ndl of this Performance, thus 
dedicated to the Service of the Public; aud ſhall the leſs regard the Carps 
and raſh Judications of pragmatical and ungrateful Diſpoſitions, who fancy 
there is nothing in Arithmetic beyond what they have acquired the Knowledge 
of : or if they learn any thing from a Book of this kixd, will be the laſt in 
paying their Atknowledgment, and probably the firſt in decrying the Work, 
becauſe it vuill inſtrutt ſome to know more than they would have them, or (as 
we ſay ). make others as: wiſe as themſelves. However, I would not be diſ- 
couraged by the ill Conduct of ſuch. from imitating the moſt Perfect and Be- 
nign Pattern, who is kind ta the Unthankful and the Evil: for whatever. 
ſome Authors may bave propoſed in being ſo, I have diſcloſed my Thoughts 
this way, much more to promote the Proficiency of the Reader, than to 
indicate the Science of the Author. 

And for the Encouragement of the Impartial and Ingenuous Student, who 
laying aſide Pride and Prejudice, deſigns only Improvement in the Knowledge 

| of 
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of what is con tained in the ſubſequent Pages, I can aſſurs him, that I have 
- faithfully adapted this'Work to the 222 of - the leſs Acute, and have 

offered to bis Peruſal _ things which' he will not find elſotybere; of 
which 1 have given ſome Inſtances, as above, though you bave many 
mare frank, in the Index, which will be found Exuperations. 

1 have not in this Treatiſe (as is common where there are many Parts 
of Mathematics, &c. in one Volume) only touched on each kind; for you 
will find Vulgar Arithmetic, Decimals, Logarithms, and Algebra, 
as copiouſly inſiſted on, as in-almoſt any Treatiſe wrote only upon ſome 
one of thoſe Species: Nor can any thing be expected to make the whole more 
truly agreeable to the Title, which 1s a piece of Fuſtice that all Authors 
owe to the Public, and cannot be denied but to have been fully obſerved by 
me, as 1 am not without Vouchers from good Hands, to confirm the Truth 
of, eſpecially in my Merchant's Magazine, and my Indexto Intereſt. 

And for the SatisfaTion of ſuch as are cautious of buying the firſt Im- 
preſſion of a Book, becauſe, ſay they, there may be Additions to future 
Impreſſions; I do hereby promiſe, that as I know of no Neceſſity for it, 
ſo I have no Thoughts of doing any thing farther on this Subject. 

I have, beſides what I promiſed in my Propoſal to Subſcribers, added 
an Appendix, which contains the beſt Way of meaſuring a greater Variety 
of Super ficies and Solids, than any Book, tho* wrote purpoſely on that 
Subject, exhibits. | 

5 fine, I am ſo ſenſible of the Care and Aſſiduity uſed to finiſh this 
Body of Arithmetic, /o as to render it in ſome degree Compleat, that I 
hope I need not doubt of its being acceptable [ta "the Mor; which bath 
already favoured me, by a kind Reception of my former Endeavours in 
this Way, alths* I bad. not beſtowed near that 422 [which (in Grati- 
tude) I have done on this Work, in order to preſent it, as near as I could, 
in Perfection. N ee 

For beſides all that is abovrſaid, I have not only compriſed in this Trea- 
tiſe, the moſt material Tables, and other things 11 Ay Index to Intereſt 
( which ſhall never be but Bere re-printed') Þut Bade allded Tables of Simple 
Intereſt at 4 per Cent. of Diſcount at 4 and 5 per Cent. and 16 Tables 
of Compound Intereſt at 3, 4, 5, and 8 per Cent. And the ſaid Index 
(before the making theſe conſiderable Additions to it) was approved of, and 
recommended as the moſt copious, eaſy, and uſeful, Book that bath been 
written on that Subject, by the judicious Perſons following; beſides many 
others, as ] have their own Hands by me to demonſtrate. 
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S. Shepherd 
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8. Shepherd Eft; Deen 


Sir W. Chap . Bart. {ns 8. _ the 22 
Sir Samuel Clarke, 
Sir John Blunt Bart. We 


Sir G. Cook, . firſt Wk of the Court of 13 
The Reverend Mr Whiſton, ſometime Profeſſor of e, in 
the Univerſity. of Cambridge. 


1 Nath, Pigot, of the Middle rag 7s Es:; 


P. Lacy, of 4. Inner Templ * 

Mr Iſ. Jackſon, of the Middle —; a Sub- Treaſurer. 

Mr J. Frewen, of Lincolns-Inn. | 

Mr Humphry Ditton, Maſter of the Mathematical School at 
Chriſt's-Hoſpital. 

Mr S. Waters, Accomptant General 

Mr P. Sergeant, 


Mr ]. Fletcher, * * 8 to the Eaſt-India Comp. 


AN 


XL. vi * 


An IN D E X. 


Referring to the Pages, Chapters, and Sections, which are placed 


on each F ohio... 


Of Vulgar Fraftions. + 
—Of Detimals. ———_— — 


— — 00 Duodecimals, ooo hep n 


"i 2 Of Akgebra.. 8 ON 


Compound. — — — 402 
Algebraical Arithmetic, _— f:?! — 3561 
Algebraic Fractions. — 406 


Algebra, a ſhort Hiſtory anal me ; there ——36r, 76" | 


OW 10 read it. 2364, fc. 
— therein explained. N 


Alligation, more curious and various — Ir 121, Sc. 
Aliquot Parts of Money, Weight, &c. how found. — 51, 53 


Alphabetical Explanation of Numbers and Terms 1,8. 
in Aritbmetic.ꝛq — — 


Application, of the Fundamentals of Arithmeti. A 


—— Ungar Frans.” . 
Amount 0 any — Money, or Annuities. — — 
At a A. 4 Boro tO k ͤLͤ¶—w ̃. 
By Decimals, — ——— — ner 
By Logarithms. —  — —— = 271, Ec. 
By the Diagonal Inſtrument, . — 361 
Apothecaries Weight, a Table there 24 
Arithmetical Complement, what and how found. — 265 
Barter or Commulation. — — — — — — 115, Ge. 
Beer Meaſure, an accurate Table thereof — — — 23 
Binomials, the Powers thereof to the 10th, — — — 388 


Binomial and Reſidual Roots of Rationat and Surd 7 
388,396 


Quantities, Simple and Compound, how extracted 
Biquadrate Root, a new way of extratting it. 59 
Biquadrate, c. Roots, by Logarithms, — — 2 

a By Al gebr 42..— — 
Bricklayers, a ſhort and eafy Way to meaſure, &c. 
their Work, 


475 
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* Chap. Sect 
the beſt Way to meaſure, &c. their Work 495 
count &c. how found by Algebra. — — 425 10 11 
es, boch man can be rung on any, Number u ch 0 2 
. or Signs, Algebraical, a Table thereof. — 363 10 1 
Church or Coll Bia, 6-0-1 Fines payable for them.” — 231 3 8 
Circular — deſcribed, and its Uſe. — — — 358 9 6 
Circle and its Parts, to find their Artas, — — — — 466 1 6 
Cone, to find its Area and Solidity, ( —— 466 1 
a . A 473 2 4 
Its Fruftam, to find the Solidity, — — -473..2 4 
Conic Sections, to find their Area — — — — — 461 1 2 
Complement Arithmetical, what and bow found. — 265 7 4 
Contract Numbers, (or more properly Concrete.) —— 3 
Converging Series, how performed ſeveral M. 444, Ce. 13 
Coflic Powers what and how io multiply and . | : 
A Mr one mm. ed ret doe 384 10 5 
Cube Root, the, whole Reaſon of the Proceſs. | 
of Extraction from the Algebraic Canon. — 394 6 


Cube Root, ſee Extraftion, — — — 


Cubical Equations explained and ſolved . 434, Ce. hs 12 
Cylinder, 40, find its Area. — — 465, 1 4 
79 find its Solidity.— — 468 2 1 
Cylindroid, to find its Sokaity. — 47t 2 3 
Days between any two in the Near found, by a Table, J 184 8 

and alſo by. two Circles . 
Decimal Arithmetic, Page 131.6, ( ſee Value) — — 3 
— AN 4 Queſtion by them, as accurately as | 16 

Fractians — — . IM 

„ a neu Kind of Decimal — 136 3 


Le Decimals in finding the Simple and Com- I 167 3 


pound Intereſt and Diſcount — 186 
Operations by Decimals, compared with Vulgar | 146 
Frattions — - 158. 
Decimals, Fc. To multiply any Number. under 121, 
and put down only the Produ; alſo by any Num- 1 
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Page Chap. Sect. 
=» Neper's Rogs or Bones —————54+ 350. 9 65 
5) Logarithm——————— —_ — 234, 262 23 
e Ai. — 398» $94 415, 46 . 
—=By — Sri —— 2 I 3 
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INTRODUCTION: 
Containing an Alphabetical Definition of all kind of Numbers, and th: 


Terms of Art uſed in Common Arithmetic explained; which the Rea. 
der may have recourſe to, as he finds occaſion. 


+ Note, That the like for Algebra is inſerted immediately before that Species a 
Arithmetic. Vid oct 1. of Chap. X. 3 


Bundant Numbers, ] Are ſuch as haviag their Aliquot 
Parts added together, the Sum exceeds the Numbers of 
which they are Parts: as 36 is an abundant Number, 
becauſe its Aliquot Parts, 1, 2, 3, 4, 6, 9, 12, 18, ad- 

ded, makes 55, which is more than the 36, 

Abſtraft Numbers.) Such Numbers in general, as have no Denomi- 

nation annexed to them. | | 
Abſolute Numbers.) Such in reality as they appear to be, as 2, Cc. 

z 2 Units contrary to 2 leſs than nothing (as in Algebra is ex- 
plained) and to negative Indices of Logarithms : alſo it is that 
Locks Number in an Equation, which ſolely poſſeſſeth one fide. 
See Algebra. 

Aliquot Parts,] Are the even Parts of any Number, when there is 
no Remainer in the Diviſion. See at the End of Diviſion. 

Aliquant Paris.] Such as will not divide another Number aſſigned 
without a Surplus or Reſt : as 7 is an gliquant Part of 18 or 23, &c. 

Amiable Numbers, ] Are 2 ſuch, as that the Sum of the Aliquot Parts 
of one, will make up the other Number alternately. 

Arithmetic) In all its Parts (or in the moſt comprehenſive Senſe) is 
the Art of ung 1 by Figures, Lines, Inſtruments, or 
Symbals, as by the ſeveral kinds following doth appear. 

1 2 Complement.] See Sect. 4. of Chap. VII. and Complement 
under C. | 

Arithmetical Progreſſion.) See Progreſſion, Chap. II. Sect. 2. 

Articles,] In this Science, are Numbers diviſible by 10 without Re- 
mainer; as 10, 20, 30, 100, 120, 130, Cc. 2000, 4000, Cc. 
the ſame with round Numbers or Decades. 


Artificial Numbers, ] Are E r See Chap, VII. 


Anteceqgnt 


— 
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Antecedent Numbers.) The firſt named of two that are compared to- 
gether: As if it be ſaid that ſome Numbers are in proportion as 
3 is to 73 here 3 is the Antecedent, and 7 the Conſequent. 

* "Two Places ef ahy Number, (as pointed for the Square 

9 4 oot. r | x 20 " 

Biquadrate.) See Powers under P. 

Byoken Numbers.) Such as are commonly called Fractions, which ſee. 


Cardinal Numbers,) The 9 Digits. | 

Central Numbers.) Such as have a Digit placed in the middle between 
alike Number of Reverſe, Circulating, Sc. Numbers, as 3457345, 
12521, 78678, Ge. 

CharaFeriſtic] Of any Logarithm, is the Index, See Chap. VII. 

Circular Number, ] Are Tuch as being ſquared, cubed, c. the Fi- 

ure in Units place of the Power, is the ſame with that of the 
oot; #86 times 6 is 36, 5 times 5 is 25, Cc. which are ſome- 
times called Spherical Numbers. os * : 

Circulating Numbers, ] According to ſome, are thofe Digits which 
are regularly repeated, whether the Number be of one and the 
ſame Digit repeated, as 222, 7777, &c. or of many as 494949, 
372372, &c. And when theſe fall out in reducing Money, 
Weight, Meaſure, Cc. to Decimals, you gain many Decimal 
Places with the leſs trouble. 

Commenſurate Numbers.) Such as one Number will juſtly meaſure ; 
as 6 and 15 are meaſured by 3, Sc. And the F radtion | is of like 
Value with 5, becauſe the Terms are commenlurate by 3. 

Compleat Numbers.) See Perfeft Numbers. 

Complement- Arithmetical,] Is the Remainer when any Logarithm 
is deducted from 10. | | | 

Compoſed Numbers,) The ſame as Compoſit Numbers; which ſee. 

Compound Frattions.| Fractions of Fractions, as 3 of, Sc. See 
Chap. II. Ser. 1. | | 

Compoſit Numbers.] Such as are meaſured by ſome other beſides 
an Unit; as 297 is compoſed of 99 by 3, either of which mea- 
ſures 297. | 

Common Multiples.] See Multiples following. | 

Conſequent Numbers.) The ſecond of any two in a Proportion. See 
Antecedent. 

Contract Numbers.) The ſame as Concrete Numbers, (but is no pro- 

r Term.) - 

Concrete Numbers.) Such as have a Denomination annexed, as 5 Lib. 

7 Yards, &c, 1 Cube 
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Cube Numbers. ] The Product of Square Numbers by their Roots; 
as 8 is the Cube of 2, 27 of 3, being Products of 4 by 2, and. ot 
„ e | | 

Cubed Square and Cubed Cube Numbers.] See Powers under P. 

Cube Root.) See Roots under R. 


Decimal Fraftions.) Thoſe whoſe Denominators are 10, or ſome 
Power of 10. 

Decades.) The ſame with Articles, as above. 

Deficient Numbers.) Thoſe whoſe Aliquot Parts (added v N are 
leſs than the Numbers of which they are Parts; as 26 is a de- 
ficient Number, becauſe its Parts 1, 2, and 13, make but 16. 

Differences, or Common Differences, as relating to Logarithms.] 
See the 3d and 44h general Heads under Seck. 4. of Chap. VII. 

Digits,] In Arithmetic, are Numbers of 1 Place, as 1 to 9 incluſive, 

Direct Proportion, ] Is when the 4 Ne. (ſought) is the Quote a- 
riſing by dividing the Product of the 2d and 34 Number by the 1. 

Dion Numbers which are to be divided. See Diviſion, Se. g. 

bap. | 1 

Divifors.] Numbers of Parts into which another Number is to be 
divided, See Chap. I. Se. 5. 

Dividual.] Separable or Diviſible. Alſo that Part of a Dividend 
which is immediately under your Operation. 

Diminutive Numbers, ] Are the ſame as Deficient Numbers, which 
are explained above. | 

D.] From Denarius (a Penny): The Mark put over a Column of 

ence in Books of Accounts. Feet. Inch 126% 

Duodecimals.] Fractions whoſe Denominators are 12, as 7 : 9 : 7 
is 7 foot, 9 inches, (or 9 twelfths of a foot) and 7 twelfths of 
an inch, Cc. Which are often marked by Meaſurers thus; 


3 Ea F 
7:9 : 73 and 48: 11: 3: 10; and read the firſt, 7 foot, 9 
primes, and 7 ſeconds; the ſecond is, 48 foot, 11 primes, 3 ſe- 
conds, and 10 thirds. See Operations thereby, Chap. IV. | 

Duplicate, Triplicate, Seſquiplizate, &c. Proportion.] See Sef?, 3. of 
Chap, 11. | 

— — Multiples. 

Eveniy even Numbers, ] Are thoſe which even Numbers will meaſure 
by other even ones; as 48 is meaſured by 8, 6 times. 

Evenly odd Numbers,] Are thoſe which even Numbers meaſure by 


odd ones; as 40, which 8 doth meaſure by 5, 
B a an Evolution 


ern 


— 
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Evolution] The Extraction of Roots of Numbers, &c. 5 
Exponents,] Are Numbers (ſmaller Characters than thoſe they ſtand 
next) which are placed near the 9 ane of a Root toward 
the right-hand, and ſhew what Power of that Root is expreſſed; 
as 3 is the Square of 3 org; 3“ is the Biquadrate of 3 or 81. 
Alſo 4 is the third Power or Cube of 4, which is 64; the Ex- 
ents being 2, 4, and 3, ſtanding higher than the others or 
— So likewiſe 15 is the Surſolid or fifth Power of 153; 75 

is the ſquared Cube or ſixth Power of 7; 200 is the ſecond Sur- 
ſolid or ſeventh Power of 20, which is 1280000000. See Powers 

here and in Algebra. : | 

Excluſions.) Such Numbers in a Queſtion, as being excluded, renders 
it leſs perplexed and the eaſter reſolved ; as might be ſhewn by 
ſeveral Examples. | 


Fa#tors.) Both the Numbers, which for the moſt part in Multiplica- 
tion are called the Multiplicand and Multiplicator, (or Multi- 
lier. 3 2 | 
Flat, Numbers) Such as do repreſent ſome Geometrical Figure, 
either Superficial or Solid. See thoſe Numbers and Linear. 
Frafions.) Any Part or Number of Parts of an Unit ad infinitum : 
as F is Vulgar; , Cc. Decimal; and , &c. Duodecimal. See 
Chap. II, III. and Se#. 10. of Chap. III. 1 71 
Geometrical Progreſſion.] See Progreſſon. 
Harmonical Proportionals.] See Muſical, and Chap. II. Sec. 3. Head. 11. 
Homogeneal Numbers,) Or Homogeneous, are thoſe of the ſame na- 
ture; as the Indices of 2 Logarithms, if they are both affirma- 
tive, (without a Mark under) are Homogeneous ; or they are 
ſo, if they are both negative, or have a Mark under thus, 
TnL, We,” | | 
Homologous.] Numbers or Terms in a proportion are ſaid to be Ho- 
mologous, when. there is a Similitude between the Antecedents 
and Conſequents ;. for as 3 to 9, ſo 7. 21: here 3 is homologous 
to 7, as 9 to 21. | | 
Heterogeneal Numbers.) Thoſe which are not of the ſame kind; as 
when one is negative, the other affirmative, as 3 and 2, contrary 


to homogeneal, Alſo mix'd Numbers, compoſed of a Whole 

and a Fraction, as 23: and in Surds, they are ſuch as have 

different Radical Signs, as / and /. Vid. Algebra, Chap. X. 
Improper Fractions.] Such whoſe Numerator is equal to or exceeds 
the Denominator, See Chap. II. Incommen- 
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Mcommenſurate Numbers.) Two ſuch, as no one Number (except an 

- Unit) will meaſure, contrary to commenſurate; as 7 and 23, Sc. 
cannot be meaſured by any one Number. | | 

Indices.) Numbers which ſhew the Power of a Root; and in Loga- 
rithms they ſhew the Number of Places which the natural Num- 

bers belon ing to any Logarithm conſiſts of, being the ſame with. 
Charateriſtic 8. See Exponents, and alſo Chap. IV. 

Tneffable Numbers, | Are Surds, or irrational Numbers; which laſt 

| ſee: Or (according to the Import of the Word) Numbers not to 
be expreſſed. 

Incompoſits.] Numbers which no other but an Unit will meaſure, be- 
ing contrary to Compoſit, and are the ſame with prime Numbers, 
as 7, 11, 23, 29, 31, and hundreds more. | 

Ixtire or whole Numbers.) Any Number of Units or Ones; (but 
Fractions are one or more Parts of an Unit) ſo that one is the mid- 
dle between infinite Unis and infinite Parts: and tho? it is by ſome- 
not allowed to be a Number, yet ſince it is the Foundation of all 
Numbers, whether whole or broken, (for 2, 3, 4, &c. are ſo many 
ones, and 3, 3, 8, Sc. are ſo many Parts of one) and fince 1 is as 

roperly half the Number of things which are but 2 in all, as 2 is. 
alf the Number which are four in all; it follows, that ſince 1 is. 


not a Fraction, (or Part of 1, which would be a Contradiction. 


to affirm) it muſt be a Whole, i. e. a whole Unit, or the Num- 
ber 1, as properly as 2 is 2 Units, or the Number 2, 3 the Num- 
ber 3, 4 the Number 4, Sc. For Unity is as properly an Indi- 
vidual (or inſeparable from Number) as theſe or any other. And 
if we take a Series of Numbers, as 1, 2, 3, 4, 5, here 1 in all 
reſpects is a Number according to its Nature, as any of the other 
Digits are agreeable to the fame common Nature of Number, and 

1 is one Term or Place in that Rank as well as the others: Tis true, 

x does not divide nor multiply, becauſe it would be abſurd to ſay 
that a Man had 1 Pound, Yard, Qunce, or the like, divided be- 
tween himſelf; or that becauſe I ſay, 1 Horſe, 1 Field, Sc. Iſhould 
exclude the Number 1, becauſe it does not make more or leſs than 
that Horſe or Field, and ſo be contrary, to the common Nature of. 
all other Numbers. And as it multiplies and divides as much as it 
ought to do, making every thing once itſelf, and giving the Whole 
to one Perſon where no one is to have a ſhare with him; ſa in 
Addition, Sc. it does as all other Numbers do, i. e. augments or 
diminiſhes any other Number ſo much as itſelf amounts to: For 

. x it. 


. 
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if J add t to 5, it makes 6; that is, ſo much more than 5, as is 
the Number 1 added; as 2 added to 5, makes 7, which is it- 
ſelf (or No 2.) more than the 5, Sc. Beſides, one in all Mer- 
-chantile Affairs, as well as in the Eye of our Laws, and in com. 
mon Converſation, is a No. And *tis far from being a parallel to 
à Point in Geometry, 10000 of which make no Magnitude, but 
twice one is what all allow to be a Number, And whereas ſome 
great Men, as Euclid, &c. have defined Number to be a Multi- 
tude of Units; it is highly probable they meant no more than this, 
That as Unity is but 1, and there are Millions of Millions, nay, 
infinite ether Numbers ; therefore, ſay they, that Number (in the. 
general way of ſpeaking, or tor the moſt part without compari- 
ſon) is a Multitude or Aggregate of Units. | 
Imtegers,] Are whole Numbers, compared with their Parts; as 1 
enny is an Integer compoſed of 4 Farthings, its Parts into which 
it is divided; 1 Shilling is an Integer compared to Pence or 
Farthings, of which it is compoſed. But an abſolute Integer is an 
Unit of the higheſt Denomination of any Specie of Matter or 
Thing: as 1 Pound Sterling, &c. 1 Ton, 1 Circle, Sc. and 2, 3, 
Sc. of the like, are ſo many abſolute Integers. 
Hwruerfe Proportion. See Reverſe. | | | 
Irrational Numbers, or Surds,] Are ſuch whoſe Roots cannot be ac- 
curately extracted, as being no Figurate Numbers: But then they 
are to be conſidered as Surds or otherways, when compared with 
the Power they are of. Thus 16 is a Surd, or irrational Num- 
ber, if ſuppoſed the 3d Power of ſome other; but if you ſuppoſe 
it only the 2d Power, it is not Surd, but compleatly the Square 
of 4: and the like may be obſerved of others. And when we 
meet with Surd Numbers, (or thoſe that are Rational, which are 


to be wrought with Surds) we mark them thus, /7, „y is the 


3 
way of expreſſing the Square Root of 7; / 27 is the Expreſſion 
of the Cube Root of 27, which is —_ to 3, Sc. But more of 
this under Powers, &c. in the Algebraic Part. 


Lb. or L. (from Libra a Pound-weight, or 205.) The Mark put 
over a Column of Pounds. 
Lineal (or Linear) Numbers.) Such as repreſent or are the Dimenſions 
of a Line, Root, or Side of a Geometrical Figure. Thus if a Fi- 
gure be an exact (or Geometrical) Square, containing 100 Foot, 
100 is the Superficial Number, and the Side or Linear Number 
is 
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; if 10: If it be a long —— (or Parallelogram) of the Content 
of 40 Tards, the Linear Numbers (or Sides) are 4 and 10, or 
8 and 5. 

Lineal Arithmetic,] Is that. Science performed by Lines. 

Logarithms,) Are Artificial Numbers, of great uſe in Mathematicks ; 
the Invention of Lord Neper, Baron of Merchiſton. See Chap. VII. 


Aixi Numbers.) Whole Numbers and Fractions, (Vulgar or Deci- 
mal) which are placed together: as 133, 29.75, Sc. Or any 
Number com of Digits, or Digits and Cyphers that are 
not next the IS 

Multiples,] Are Numbers produced by the Multiplication of ſome 

known or aſſign'd Number: as 40 is a Multiple of 8 or 5, be- 
cauſe either of thoſe will divide 40 without Remainer, and 

20 is a Multiple of 4 and 5. 

Multiples, or Equimultiples,] Are Numbers multiplied by one and the 
ſame Number : as 12 and 28 are Equimultiples of 3 and 7, far 
02.25 3.7. 

Multiples, or Common Multiples,] Are when one and the ſame Num- 
ber is produced by different aliquot Parts: as 40 is a common 
Multiple of 2, 4, and 5; becauſe any of theſe divide it without 
Remainer, and becauſe theſe multiplied one in another produce 40. 

Multiplicator.] The ſame as Multiplier. See Chap. I. Sect. 4. 

Muſical Proportionals.) The ſame as Harmonical. See Chap, II. 
Sect. 3. Head. 11. 

Negative Arithmetic.) See (N) near the beginning of Algebra, in 
which this kind is chiefly uſed. 

Number, or whole Number, ] Is one or more Units, expreſſible by the 
9 Digits and o, ad Infinitum; of which there are near 50 ſeveral 
Kinds mentioned in this Introduction. See Intire, &c. or a broken 
Number, is one or more Parts-of an Unit. 

Numerator of a Fraftion.] The Number of Parts contained in it. 
See Chap. II. 

Ob. (from Obolus a Halfpenny) The Mark put for two Farthings 
in old Writings. 

Perfett Numbers.) Thoſe which are equal to the Sum of cheir aliquot 
Parts; as 28 is equal to the Sum of its Parts 1, 2, 4, 7, 14, 
which is 28; and 1, 2, and 3, are 6. 

Paris Proportional.] See 3d and 4th General Heads, $..4. of Chap. VII. 

Plain Numbers,] Are thoſe which may be produced by multiplying 


fome Number in another, as 6 the Product of 3 by 2, 8 the _ 


4 2 5 * 7 4 > 4 + 
th 2 
7 by - 4 * * * * 
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duct of 4 by 2, Sc. (but 7, 11, 13, Sc. are no ſuch.) Theſe 
are the ſame with ſuperficial Numbers, becauſe the Content of 
a plain ſuperficial Figure is produced by multiplying two Num- 
bers, which are ſuppoſed its Length and Breadth together. 
Poſiuive Numbers.) The ſame with Affirmative. See Abſolute Num- 
bers, above. 
Powers of Numbers, ] Are the Root or firſt Power; the Square or 
8 Power, produced by multiplying the Root in itſelf, Scr. 
as follows. | 


— 
” 


— 8 


| 


4 


| 


The Squared Biquadrate, or 8th Power, 


The ſecond Surſolid, or 7th Power, 
Squared Surſolid, or roth Power. 


Roots, or 1ſt Power. 
Square, or 2d Power. 
Cube, or 3d Power. 

= Biquadrate, or 4th Power. 
Surſolid, or 5th Power. 
Squared Cube, or 6th Power. 
Cubed Cube, or 9th Power. | 


| 1ſt Example 2 4 8 32 64 128, 256 512 1024 


| 2d Example 3 9 27 8 243 729 2187 6561 19683 59049 


Each Power being produced by multiplying the next before it 
rowards the left-hand by the Root. 

And that theſe Terms of the Powers are really what they are 
called; if the 5th Power or Surſolid (in the iſt Example 32, in 
the 2d 243) be ſquared or multiplied in itſelf, it produces the 
ſquared Surſolid or 10th Power, for 32 by 32 gives 1024 or 
243 by itſelf makes 59049, And the like may be obſerved of 
the reſt: for a more full Account of which, ſee the Word 
Powers in the beginning of Algebra, Chap. VII. 

Promiſcuaus Numbers.) Compoſed of Digits without any limited Or- 
der, as 7291, 3924, and thouſands of others, as under Mint Num- 
hers. | TERS oh Proper 


, 


PI _ K 4 
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Proper Fractions.] See Chap. II. Sect. 1. x 

Proportion.) The ſame with Ratio; its various kinds. See the be- 
ginning of Se. 3. of Chap, II. of which ſome are Subduple, Sub- 

triple, Submultiple ; which Words ſee: It is marked with Points 
thus, 3.4: :6. 8. if direct. | 

Prime Numbers.) Such as no other but Uuity will juſtly divide. See 

Incompoſits. | 

Proportional Parts.) See Parts Proportional, | 

Progreſſion.) Numbers in Arithmetical and Geometrical Progreſſion, 
See Chap. II. Se. 2. | 


9. (from Quadrans a Farthing) the Mark put over a Column of 
Farthings. 
Quotient.] See Diviſion, Sef. 5. Chap. I. 


Roots of Numbers.) The firſt Powers. See Powers above, and Linear No 

Ratio, | Is the Reaſon or Proportion that one Number bears to ano- 
ther. Or more particularly it is direct, Simple Ratio, Duplicate 
Ratio, Triplicate, Sc. See Chap. II. Sec 3. Or Ratio in Pro- 
greſſion is the Rate by which the Terms increaſe or decreaſe. 

Reftangle.) The ſame as Product, which is the Sum produced by mul- 
tiplying 2 together; as 2 Times 4 is 8 = the Product or Rectangle. 

Reverſe Proportion, ] Is when the 4th Ne. (ſought) is the Quotient a- 
riſing from the Diviſion of the Product of the /, and 24, by the 
3d 1 

Reverting Numbers.] Such as are compoſed of a like Number of ſuc- 
ceſſive Digits aſcending and deſcending, as 345543, 7887, Se. 

Round Numbers.) The ſame with Articles and Decads, which ſee. 


Seſquiplicate Proportion.) See Head 12. of Se. 3. of Chap. II. 

Similar Numbers, ] Are either 1ſt, Plain, which are ſuch as form like 
or ſimilar plain Figures; as a Plain of 21 formed by the Rect- 

angle of 7 by 3, is ſimilar to another of 84 formed by the Sides 
or linear Numbers 14 and 6; for as 6 to 14, ſo 3 to 7. Or, 
2dly, Similar ſolid Numbers are ſuch as form like or ſimilar So- 
lids (as Parallelopipedons, or 2 or 3 Dice joined to the end of 
each other) of different, but proportional Dimenſions. 

S. (i. e. Solidus) the Mark placed over Shillings in a Column of Money. 

Spheric Numbers.) The ſame with Circular Numbers, which ſee. 

Subduple Proportion.) Numbers are in ſubduple Ratio, when the An- 
tecedent contains the Conſequent (or the contrary) twice; as 5 


to 10, or 40 to 20, and the like. 
C Subtripk, 
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Subtriple.] Numbers are in a ſubtriple Proportion, when the Conſe- 
quent is 3 times the Antecedent, or the contrary z as g to 27, or 


o to Jo, &c. ; 

Submultiple, Numbers are in a ſubmultiple Ratio, when the Con- 
ſequent contains the Antecedent, or the contrary, above three 
times without Remainer. 

Square Numbers.) All ſuch as are produced by multiplying any Num- 
ber by itſelf, becauſe that Product repreſents a Figure of four 
equal Sides. | 

Surd Numbers.) The ſame with Irrational, which ſee. 

Sexage/imal Numbers,] Are ſuch Fractions as have 60 for their De- 
nominator, uſed in meaſuring Time, and the Motion of the Ce- 
leſtial Spheres, Geography, and Navigation : But they put not 
down the Denominator in theſe, no more than in Duodecimals, 


becauſe it never alters, being always 60, as thoſe are 12. Thus 
1 ” JH mm tin 


51: 30: 45: 17: 21: 59 are read 51 Degrees, 30 Minutes, (or 
60th Parts of a Degree) 45 Seconds, (or 60th Parts of a Minute) 
17 Thirds, (or Goth Parts of a Second) 21 Fourths, (or 60th Parts 
of a Third) and 59 Fifths, or 60th Parts of a Fourth, Cc. 
Of Operations in this kind of Fraction, the Work of Addition 
is eaſy: Adding up a Column of Minutes, Seconds, Sc. and di- 
viding by 60, putting the Remainer under the Line, and carry- 
ing the Quote to the next Column toward the left hand, Ac. bor- 
rowing 60 always in Subſtraction. And for multiplying Degrees, 
Minutes, Seconds, Thirds, &c. theſe may be done decimally, 
by reducing the lower Denominations into the Decimal of the 
higheſt, and then working as is ſhewed in Decimals, Chap, III. 
And by the ſame Rule and Diviſion of Decimals, is the beſt way 
to divide theſe. But ſee Chap. V. 
Succeſſrve Numbers.) Such as are compoſed of Digits which ſtand in 
a natural Succeſſion aſcending and Deſcending, as 34567, or 9876. 


Tabular Numbers.) Such as are found in Tables, as of Logarithms, 
Intereſt, Sc. 

Tarif Numbers.) The fame as Tabular Numbers. But the Term is 
moſt uſed in Tables of Cuſtoms, and Series of a Diviſor by the 
9 Digits. 

Terms.) The two Parts of a Vulgar Fraction are called its Terms; 
and ſo are the ſeveral diſtinct Numbers in an Arithmetical and 
Geometrical Progreſſion, 


Ternary 


The INTRODUCTION. 1% 


Ternary Numbers.) Such as have 3 places: Or even 3 places of any 
Number are ſo many Ternarys, as uſed in extracting the Cube Root. 

Triplicate Proportion.) See Proportion, or Sect. 3. of Chap. II. Head. 10, 

Unit, or Unity.) The Number 1. See Intire Numbers, above. 

Unevenly odd Numbers.) Thoſe odd Numbers produced by the Mul- 
tiplication of 2 odd Numbers together ; as 63, which is 7 times 
93 45, Which is 9 times 5, &c. 


— 
— —_ — 


— — — 


CHAN. I. 


Treateth of the ſeveral Parts of fingle Arithmetic (called Common Arith- 
metic in whole Numbers) containing Numeration, Addition, Subſtra- 
Zion, Multiplication, Diviſion, and the Extrattion of Roots, which 
are called Simple or Single Rules of Arithmetic, as being Fundamental 
Parts or Principles, by one or more of which, all Operations by Num- 
bers are performed. 


SecT. 1. Of Numeration of Intire Numbers. 


Y this firſt Part we are taught how to read or write down 

any Number propoſed, by aſſigning a and natu- 
ral Denomination for the Place of each Digit in any Line, 
(tho' compoſed of never ſo many of thoſe Digits) and 
then by obſerving what Digit is there placed. 

By a Digit we underſtand any ſingle Figure poſſeſſing but one 
place, as 1 to 9 incluſive. 

There is alſo a Cypher, (or o) which ſtanding alone, or next the 
left hand of any ſingle Figure or Number of Figures in whole Num- 
bers is of no value; it only ſerving to fill up places, in order to 
augment the value of the fimple Figure or Figures, which are pla- 
ced to the left hand thereof; which places might as well be fepplied 
by a Point (.) or Hyphen (-) thus, if that had obtained a Cuſtom, 
as the (o) hath. 

By what is ſaid it appears, that after we know the Character of 
the 9 Digits, (which almoſt every Child learneth ſo ſoon as it can 
read) there is nothing q_—_— make one able to read any —_ 

2 r, 
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ber, but to conſider by what Name the ſeveral Places in any Num- 
ber or Rank of Digits is called: and that will appear, by what fol- 
lows, very obvious. 


e -Denomination of 


| each particular Place 
of any Number not 
exceeding Places, | 
or that of Hundreds 
of Millions, 


Courſe or order of 
the Places augments 


infinitely. 


| One Hundred Millions 
Ten Millions - - - - 
One Million 


One Hundr. Thouſand 


Ten Thouſand - - - 
One 'Thouſ:; 
An Hundred 
Ten 
One 
Two Hundred Millions 


\ | Twenty Millions 


— # 
= 
- * 


Three Millions 


j Thirty 
Three 


Two Hundred 


Two Millions 


| Two Hundr.Thouſand 


Thouſand - - 
houſand - 


Twen 
Two 


1 
- - - 


Twenty 

TWPCOo = = 
Three Hundr. Millions 
Thirty Millions 


Three Hundr. Thouſ. 


Thirty Thouſand - - 


Three Thouſand - - 
Three Hundred 


— — — — 
* 


h 

h 
th 
th 
th 
th 
d 
d 
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I 00000000 
10000000 
1000000 
100000 
10000 
1000 
11400 

10 

| F 
200000000 
20000000 
2000000 
200000 


*F 2 
300000000 
30000000 
3000000 
300000 
30000 

3000 


| 


Examples bow the 


| 


toward theleft band 


How each of the g | 


2 


300 


30 
3 


3 


Numbers are to be | 
read in one Line or 


_ 
2 
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9944232824 
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mY 
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333333333 
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Srxcr. I. Numeration of Intire Numbers. T3 
From the Scheme above it may be obſerved, viz. 1f, From the 
middle Column it is plain that every place towards the left hand in 
any Number is 10 times the Value or Number of the place next it 
towards to right hand; as 1, 2, or 3, in the 2d, 3d, or 4th places 
becomes 10, 100, 1000; 20, 200, 2000; and 30, 300, 3000, &. 
2dly. The Column next the left hand gives you the Name that 
any Number in any place (not exceeding the Her is to be called by: 
As the firſt or uppermoſt in each of the three Examples above, 
is the Hundreds of Millions place; and conſequently the Numbers 
are in Value 1, 2, and 3 hundred Millions, becaufe the Digits there 
placed are 1, 2, and 3. But inſtead thereof, if 4, 5, 6, &c. were 
ut in thoſe places, the Numbers muſt be 4 hundred Millions, 5 
undred Millions, or 6 hundred Millions, Sc. the Value or Name 
depending on the place that any Digit poſſeſſeth in any Number. 
34h). From the third Column it is evident, that in reading a 
Number there is a Contraction or Abbreviation of the Words in the 
firſt Column to be uſed. Thus (in the third Example) we do not 
read the three firſt Lines 3 hundred Millions, 30 Millions, and 3 
Millions ; but do only name the word Millions after the laſt of the 
three Figures. Thus 3 hundred thirty three Millions, and fo of 
the Thouſands, we ſay 3 hundred thirty three Thouſand, Sc. 333. 
By theſe Rules, any Number, tho” never ſo great, may be read, 
as is farther exemplified by the following Table of this Art of 
Numbering; which is much more copious and ample, than any 
Arithmetic that I know of exhibits, | 
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Sect. I Numeration of Intire Nm. 73 

1. It may not be improper to inform the Reader, that we make: 
uſe of the words Billions, Trillions, &c, to prevent the Confuſion. 
that would ariſe by the. often repeating Millions of Millions, &c.. 
And if it be enquired how much a Trillion (or the like) is; I look 
for the Units of Trillions at the top of the Table, and caſting my 
Eye downward in that Line till I come to the lower end of it, L 
then look directly toward the left hand, and find it a Number con- 
ſiſting of 19 places, viz. 18 Cyphers and (1) next the left hand in 
the 19th place, and is found by involving (or — a Mil- 
lion in. itſelf, and that Product by a Million. So that a Trillion is 
as much as to ſay, one Million of Millions of Millions. So likewiſe 
a Quartillion is x000000 multiplied three times in itſelf, (called 
its Biquadrate) and conſiſts of 25 places: A Quinquillion is-1000000.- 
multiplied: 4times-in itſelf, and conſiſts of 31 places, (called the Sur- 
folid or fifth Power of 1000000, of which Powers I ſhall ſpeak in a 
proper place.) All which appears plain by the foregoing Table: 
for Units of Quinquillions, caſting your Eye downward to the end. 
of that Column. or Series, and thence directly towards your left 
hand, you find the Figure g1, which ſhews it conſiſts of 31 places, 
viz. 30 Cyphers and (1) next the left hand. And thus may you 
find y number of places any Number in the whole Table con- 
fiſts of. WM 

2. Or if you would know the Value of a Number conſiſting: of 
any number of places, it is but looking for the places in the Co-- 
lumn of places, and caſting your Eye directly to the right hand, till 

ou come to a Figure, which tracing upward in the ſame Series or- 

ow, you have the Name or Value of the Number, conſiſting of: 
any of the places given: - | 

3. By the Table it appears alſo, that there is no more difficulty- 
in reading a Number of 36, Sc. places of Figures, than in a Num- 
ber conſiſting of 6 Places. For when any large Number is required 
to be read, begin at Tens place, and tell 6 towards the left hand, 
over which make a 1: then continue to tell 6 more the ſame way, 
and over that make a 2: and fo forward 6 more, and make a 3, 
(which will fall over the 19th place): So that having marked thus 
your whole Number given as in the Table above, I read, for ex- 
ample, the 34 Number in the Table thus. 


ro3 Thouſand, 


= : CO. 
+ : * 
= 


16 _ , Naumerdtion of Intire Numbers” CA. I. 
103 Thouſand, 456 Quinquillions, . 
789 Thouſand, 876 Quartillions, 
543 Thouſand, 234 Trillions, 
567 Thouſand, 898 Billions 
765 Thouſand, 432 Millions, 
345 Thouſand, 678. "+ ty 
And the 33 in the Table this ;—290760 Quinquillions, 
y | | 4300 Quartillions, 
| 1325 Trillions,  _ 
732100 Billions, . 
| 73 Millions, 
212437 | 


In ſhort, the Digit being known, and the place it poſſeſſeth, we 
have nothing to do but firſt to mention. the Digit, and then the 
Place. As 9 in Units place is 9 Units, 8 Is 8 Units, &c. g in Tens 
place is 9 Tens or Ninety; 9 in Hundreds place is 9 Hundred, &c. 
So 365 is 3 in Hundreds place; 6 in Tens place, and 5 in Units 
place; or 3 Hundred, 60, and 5: And the like of any other Num- 


rs. | | | 

The narrow Column toward the right hand of the reſt, may ſerve 
to refer to the Table upon occaſion. As the Minutes ſince the 
Creation to Anno 1716 incluſive, are 3006387360, which conſiſting 
of ten places, is numbered as the 7th Line in the Table, with re- 
ſpect to the Names of the places: So likewiſe it being computed 
(in the Uſe of Multiplication) that the Number of Diamonds of a 
quarter of an Inch ſquare that would pave our Globe, ſuppoſing it 
even and all Earth, are 128138448;8011648000 ; which conſiſting. 
of 20 places, is numbered or read as the 17th in the Table. An 
the Value of thoſe Diamonds being J. 1281384485801 164800000, 
which conſiſts of 22 places, it muſt be read as the 19th in the 
Table above. 
Thus it appears, that the Table is abundantly large enough to 
afford an Example how the greateſt Number that can ariſe from al- 
moſt any Subject, may be numbered: and, in truth, I have made 
it ſo large to oblige ſome curious Perſons by way of Speculation, 
more than for any abſolute Neceſlity there is for it. BE 

There is likewiſe another Way of expreſſing Numbers by Letters, 

uſed by the Roman Numeriſts, and in Accounts in our antient Re- 
cords, Sc. and may be termed Literal Numbers, or the Numeral 


Letters ; which are theſe ; 


I r 


3 I. 1 XXV. 23 r 
a TI '2 RY; Lid CC 300 „ 
12 *\ 5 2 Eu XXX 35 | CCC Tr) * ++ $20 * 
e | * 1 or CDF 429 
IJ 45|  CDXC" 490 | 
po 
IVI 6 50 D 500 
| "VII 7 LV ZII DS Soo | 
ah > Af: LX : 60 | Dec 700 | 
SLE in XX 70 | Dec 800 | || 
X 10 | LXXX 80 CM, or | 
XI 11 XCO-.go | DECCCF 9D | 
XII 12 C 1005] M., or 
XV 15 Seo 
| XX 20 cxL 145 CIDD - 1500 
| | nm , * 1 


| SECT. II. Of Addition of Tatirs 3 p ita 


his bovis Pa . Sets: H 10 Kitt; 
„Aeris N is a wt nip tho! 80 
many) Sums are aggregated contratted ine one Sur, 
called the Total. 19 
2. If the Numbers to be added be of one Death, or 
abſtract Numbers, it is properly called Single Addition; and in 
this caſe let the Name of the thing you be what it will, you 
muſt for every 10 in Units pl 2 1 tothe Tens place, and for 
every 10 in that place, — — for every to in the 
Hundreds — 1 to the — place, and ſo forward, if you 
have never ſo many places; becauſe in Numeration it has been 
thewn, that 10 in Units! is 1 in * * Sc. f 


8 * x * * 
4 : a \ , 
„ . . 
' / | 14+ 52 
3 1 + 4 N . ”: . ” F 4 1184 . - 


ee 0 01 48 


Neale Nr EXAMPLES. 


13 Addition of Intire Numbers. CHAT. I. 


EXAMPLES. — — & 
E 8. 3) - [Hur 4 Fig 1 79 7h 
seins Weight. "Ell Weight.“ Barrels. 333: 4: 62 
Pp | 1008: 17: — 
176424 | 94 312: 11% 
3769] 9367 9763] 1764 | 9: B: + 
8458] 14239 9762 872] | 86 3 3 =” 27 
4764] 463 2997] 93 2 4 
13 Me 3862 26] 738 [ #3 3. 7 
327 85764]/ 147] 876 _— 
97864] 0934}. 329 9183 384 2 
132837 37685] 29714] $0930 . — 2 1 
N 9367 3. 
1431: : 10! 
3. If the Numbers to 5 added are 210 : 6 
Contract, or have ſeveral Denominations, 182: 11: 11 
which depend on the Value of the ſame | 32: 4 * 
thing, or on the ſame Sum received and 1003 :— : 
Gangs, Ferse nd Farkings the On i 774 
_ Shillings, Pence, and Farthings in the 82: — 10 
Margin; you muſt begin with the Far- 312: 15: 91 
things, and fet every 4 of them carry 1 1714 3 11 


1 the. Pence, ſor e 12 Pence car 
to the Silings, r 20 ing reui 2 27168 : xy 8. 84 
| — op to the Pounds, Ac. Bu 

cate I would not have you point at every 12 in Pence place, 
whieh ſullies and fools Books that are kept clean have chert fore 
inſerted the following + Tobie, aun you may ſee how —_ 
Shillings is in any 
Column of Pence 
that can well be The TABLE a in Addition of Pence. | 
ſuppoſed to come TT - TT T7. 
to hand; which 12=1 60==4 108 = 9 I56=13 204=17 
may ſerve till you 24272 6120-100168 1421618 
have learned how 36=3|84=7|132=11]180=15|228=19] 
to divide by 12: for 484096 8144-12192 160 240 20 


then you need not 
the Table. (22 | Note, 


Sr erl.. Addition ef lutint Numbers. 9 
Note, That 4 is 1 Farthing, or one 4th part of a Penny (or other 
thing) + is one half of a 5 Or: i rot 

a Penny or-gther thing that is placed before it, 2 


„ 


l nt Excl! ; ip x J 214 01 | 
And in e you And the Sum. of the Farthing in the 
laſt Example to be 19 (or 4 Pence 3 Farthings) : Put down the 
(as you ſee in the Sum) and carry the 44. to the Units place of 
Pence, ſaying 4 and 1 is 5, andg is 14, and 1 is 15, and ſo on, 
you'll find when you gome to the top of the Series 78 Pence. Pot 
down the 8 on a piece of (by or) waſte Paper, and carry the 7 to 
the Tens place of Pence, ſaying 7 and 1 is 8, Sc. till you come to 
18, (at the top of the Column) which pur down to the 8, and jt 
makes 188 Pence; which by the little Table is 15 5. and 8 over: 
Therefore put down the 8 Pence, and carry the 15 5. to the Units 
place of Shillings, ſaying 15 and 3 is 18, and 5 is 23, Sc. to the 
top of the Column, when the Sum is 77. Put down the 7, and 
carry 7 to the Tens place, ſaying 7 and 1 is 8, and ris 9, Sc. 
which at the top you find 19. Put down the odd 1, (which makes 
the 7 17 5.) and carry half of 18 or 9 to the Pounds, which ſum 
up as by the Example of 1 Denomination, and you had the Sum 
total 27168 J. 175. 84.3. — — —_— 
4. Hence it may be inferred, that any Numbers may be added, 
tho? of divers Denominations, às the” they were of o Dendmin 
tion or Name. So the Sum of the ſeveral Columns of Money for 
going, is 27159 J. 1825. 1844. 19 grs. of l. 27168 f 81. f. 
the 19 Farthings any one knows is 4 d. 4, 184 Pence by the lit 
Table is 133. 4d. and 44. in the Farthings is 15. 8 d. 182 . 
l. 9: 2: and the 155. in the Pence is J. 9: 175 : Put down the 
17, and add the g/. to 27159, makes the Total J. 27168: 17 : $3. 
This is much the beſt. way; done 


without pricking and carrying from J. „ 4. £5 
one Denomination to anather, which 27159: 182 : 184 19 
one is apt to forget when he has a —_—— 
mind to run a Sum over a ſecond time. Add 516 4.3. 
And by one and the ſame Method 9: ons 


— 


= add all kind of Denominations oßüͤüũ⸗ĩ4/j/:ÿĩ 
eight, Meafure, Money, Cc. And J. 27168 : 17: 8 3 
for reducing the Sums properly, (as | : 

that above is done) you will eaſily ſee how to do that by the little 
Table following of the Quarters of Hundreds, Cc. in the Sum of 


the Pounds, c. 
D 2 - TABLE 


- — 
———— . —„— à2 — —— 


| 
| 


—— — — 


' 


| 
1 
[ 
| 


2 wh ”m_ ec On. l. 


r x. of How dupe oa | 
Ton Hund. qr. C. Pounds Ounces 

F ai eg eee ee Dol 
FIT UL een 28672 


« 
- 


28— 448— 7768 | 
1— 16— 2356 
| I— 16 


— — — — — 
Jo 0 


TABLE 2. Of Engliſh Coin. 


Farc. Penny | "A 
KO Groat ; FE amulo.}:o01.59 G0) 
16 4— 1 on ie #15 T 1G. 030 „rin 
| Shilling - | Ein 

th n 31 5 OE F 
4 Noble 


| | Angel =""W 
= eee * | | 
Ne 7 Mark * 

$ Pound | 


On En 


ay : 2 ” 1 * 7 { : 4 : : * j al 
9 % 


1 Tables are pur into the moſt eaſy and uſeful Method tac 
I cauld think of, and are more eſpecially ad ted for reducing Aver- 
dupcis Weight (by the firſt Table) 27 Engl % Coin ( Aude Tron Table). 
from oy one enomination to another, . one uluplication or 
Divifion. 
aue the more eaſy 9 this or an other Examp le of * 
reater Weight, I have inſerted the following little Table; 
ews the Vater of ae in a e of Pounds, 


— 


— —— 


J Table 


Seer. tion of ths vu. 2r 


* An Example of adding 

AT, 7575 of Quarters of Hundreds | 
in a Column of Pounds. 1 ae . greater 
i dre fred Ton. C. qr. t 
Wenn 47: 3: 2: 27 
36 2 168 6 f280 10 192: 19: 15 
84 3 196 7 308 11 43: 18: 24 
12 4 j224 8 1336 12 2 | yy 14 
In the Example laſt above, having — = . 2 

9: 


added each ſingle Series or Row of 33 
Figures (as by the Rules for one 34:16: 
Denomination foregoing) I find the , 
Sum 2054 Ton, 176 Hundred, 24 179 : 16: 

uarters, and 230 Pounds. \ 1 

hen (as in the Example before). 723. 18: 
I muſt reduce this Sum properly, 234: 1 17 2 
which — 1 on. my the little — | 
Table laſt inſerted, tis plain that in gm 2054 : 1 1 2 230 
230 th there are 8 drs. and 6 tþ 10 5 54 226 — 23 | 


115 --cad$abelh 
* * 0% „%% % 0 „%% „% 4s „„ 
8 
vo 


* 0 
— 
E 


the 24 Quarters are 6 Hundred; © i. 0. 6 1 
and in the 176 Hundred{o taking 4 6: 0 Ad. 
half except Units place, and adding ö 8: 30 5m=mm.d 122 
the odd 10 to the Units) are 8 Ton, — 


16 C. the Sum of which is Ton 2063: "> 3" 78 | 6 


2063 : 4 : 0 : 6, done without prick- 
„or any Charge to the Memory. But for ſuch as can do- Di- 


ion, che laſt little Table will not be of ſuch neceſſiry Uſe as 0 


id to others. | 
We next Example i 5 Jont 1847: 
—— — — Having ſummed up the Units, 
A Table ſhewing the Ounces inn and then the Tens place of Drama. 
a Column of Drams ;; or I find the Sum 1913 the Ounces in 
| in that of Ounces, | ice mamer 177, and the Pounds | 
Ee — , 3234: _ — 
| 144D And by che little Table above « 
12 160=1 — any one may make or en- 
8=3 1122717611 by adding 16 to itſelf, Cc.) I 


— 1282=8-|. 192=12 ad de the next Number to — 


* 


* 


22 Addition of Intire Numbers: Cu I. 
Jeſs than 191, is 176, againſt which An Example of adding 
ſtanda 11 Ounces ; and 191 is 143 Averdupois leſſer 
Drams more, therefore I put 11 Weight. 
Oun. 15 dr. down as you ſee. And 5 Own, dr. — 1 
the Sum of the Ounces being 177, n 
I look for that in the Table, and 2 ͤ ate: 
« find the next, and leſs Number, gs. 10; 23 | 
thereto to be 176; againſt which 1933 —;.- 7 
is 11. So that I put down tþ 21 : 39: 14: 11 
1 1 Oun. as you ſee in the Margin, 11.9. 
and as in the foregoing Examples; nn 
which 11 added to the Pounds, and 12 
the 1 to the 11. Ounces, Sc. the gg: 11: 11 
Sum —_—_— by the little Table is 732: 4: 14 | 
Ib 3245 : 12 : 15, d e 
8 And thus I have given you ſun- .  _ 80: 11: . 7 . - 
' dry Examples and Rules, altogether 37 7: 10 
| new, for adding large Numbers of n 
Fi ſeveral Denominations, as tho' they 32: 10: 8 
Þ | were but one Denomination, with- ' 124: ' 4: 3 
out carrying any thing from one ir. 14. 


r ae f to another: 1 EA - 


which new Method I take to be fey 
every way preferable to the com- ee 177 : - - 
mon, eſpecially where there are 2 #5 15 * dd. 
large Examples to be added of fe 1: 


veral Denominations. I ſhall give 7 
ou farther Tables, whereby fete 6 245 12 75 Sum. 
Tables may be made for Addition; or where from en | 

and Reduction of any thing may be performed. 


"TL le. — 
on Pipes Hogls | Ti lertian Gallons Quarts Solid Inches. 
CO TP” — — 252— 100868212 1 

eee 50429106 


EE WADA (oF, JE 25214353 : } 
1 42.— 168 9702 
— 4 — 231 - «+ 

— 57+ J 


TABLE 4 


2 * 


sscr. l. Addition 2 Naser. as 


| Dey fa TABLE 4. N. 


nl 4 12 ö 
Quart 
4 n 1 


2 Gallon | 
—— — 1 
Firkin 


6.— 8— 090i L | 
——.—.— Kluderln ö 
I 2—26— 1 — I adn] n 
1 — 7 3 | Barrel 


288——144—72—26— 4 —2 I 
=D Ale-Meaſure hath 32 Gallons to the Barrel. 


—_— — Wo oY 


FILES — D che Chaldron of Coat 
Laſt Weys Quarters Buſhels Pecks Gallons Pottles Quarts Pints 
1—2—1 ARE Erie 20—·640—1 280—2 560m; 12 
152 nn On 3 2064012802560 

— — —— 

—— —8——16—32—5 

| ——— roe Y 


— - 


L | TABLE 6, Long-Meaſure. 
Barley-Corns. Inch 


| Gm 12— 1 
% . „ r | B04 
58. 198—164— 5h 

| 2376 7920—66— 220— 401 2 ] 


| 190080—63360—5280—-1760—320—8—1 : 
TABLE 7. 
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_ TABLE 2. Jeet M r 
Square Square Square Square Square Square 0 
| Mile Acres Rods Poles Yards Feet Inches 


4— — 160— -4840——43 — 273040 
r 90o— 156 
E 


— 


ga 


4 

1 

. 1 — —— — 
| 


TABLES. Of gas Mejire, 4 
Solid Inches Feet Solid A DCE 1 


8 
| Solid Yard 


— — <A 2 

| 1963885176—1136507 Ad —L42092 41% 253 — * A A. 

1 

157110545909 6.——.—336743 204 1 
lle 


eee 2er —-L es 25328—-161 91—1 


* 


— 1 . TABLE 9. Of Troy-Weight. | 
pounds Ounces Pennywt. Grains 
[ ih 3 dw, gr. 


I 12 2 40——5760 
I 20———-480 . 
— 24 


TABLE 10. Apotbecaries Weight, | 


— 


** 


Ser. Il. Addition of Intire\ Numbers. | 25 


— c — 


TABLE 11, e 


Year Weeks Days Hours Minutes Seconds 
1520 — 365% ——8766——525960——31557600| 
1— 7 — 168 10080— 604800 

1— 24.— I440— 86400 

1 60 3600 

| 60 


% 


TABLE 12. Of Motion, | 
Seconds Minute 


| Degree | 
3600 —60— 1 
| | Sine 
LOSOOO——1 8O00— JO— 
| | Quadranc 
3 2.4000——5 400—— 90 ———3 I : 
Circle 
1296000—21600-——360———12 4 1 


The Tables foregoing are ſo eaſy, as to need little Explanation : 
I have put them in two Methods, a ſmall matter differing. Ta- 
ble 1. which is of Averdupois Weight, is to be thus read; 1 Ton 
is 20 Hundred, 80 Quarters of C. 2240 Pounds, 35840 Ounces or 
573440 Drams: Alſo 1 C. is 4 Quarters, 112 th. 1792 Ounces, Sc. 
reading from the right towards the left hand, all which is uſeful in 
Redudtion. | . 

And the ſame is to be obſerved in the ſecond ſort of Table, only 
here you read the contrary Way, from the right hand toward the 
left: As 1 Pound 2 11 Marks, 2 Angels, 3 Nobles, 20 
Shillings, 60 Groats, 240 Pence, 960 Farthings. One Mark is 13 
(or 1 Angel and 1 Third) 2 Nobles 135. 4d. 40 Groats, 160 Pence, 
Sc. And the Numbers above ſhew that 4 Farthings is 1 Penny, 
4 Pence 1 Groat, 3 Groats 15. 6s 8 d. = 1 Noble, Sc. 

As to the Proof of Addition, it is either performed by Addition 
or Subſtraction. 


E Thus 


% 


26 Addition of Intire Numbers. CA. I. 
Thus the Sum of the 3 upper Lines added to the 
Sum of the 2 lower, is equal to the Sum Total: 9876 
For the Sum of any Parts added to the reſt of the 5432 
Parts, muſt give' the Sum Total of all the Parts 1234 
which make the Whole. 567 
Or the Sum of the two lowermoſt deducted from 89 
the Sum Total, leaves the Sum of the 
reater, or of the three uppermoſt Sum Total=17198- 
umbers. | 
And thus I hope I | Sum of the 3 uppermoſt 16542 
have laid down ſuch | Sum of the 2 lower Lines = 656 
IE oa Til, corthe of I | 
c. as will be uſeful to | Sum Total, or Sum o 
the young Reader in ad- the Sums — — 4 17398 Proof. 
ding Money, Weight, The leſſer deduct 656 
Meaſure, Sc. | 


Leaves the greater = 16542 Proof. 


When large Sums of Money are (in Records, c.) required to be 
expreſſed Literally, or in Numeral Letters, they may be wrote, &c. 


thus; or thus, more eaſy for Addi- 
tion thereof. 9 
J. 8. d. l. 3. d. 

. . 

MDCCXXXVI: VI: IX ob I, VII, III, VI: VI : IX ob 
M PDCCCC XXI: X: II SS IE: X- 2: M : 
M*CCXCIX : 1X VIII, II, IX, IX: XI: IX 
M**DLXXXVII : X: IX ob] XX, V, VIII, VII. X: 

M CLII of WE Vat DX, I, V, II: VI: VIII 


M”DCCXLV : XIX: VI ob XIX, VII, TV, V: XIX : VI ob 
M CCXXXI : XI: IV LX, II, III. I: XI : IV 


M DCLXXXI :XVII:—— ob Dc xxx,, vl, VIll, l: XVII : — ob 
viz, 631682: 17 or 631682: 17: —2 
Sums Total | - $ums Total 


— 


To add the firſt Column *tis eaſy till you come to the Pounds, and 


there add together rf att under 10, to each Ten there 2 all 
| ens 


. 
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Tens under 100; to thoſe add what is under 1000, and the 
Thouſands carry'd to the reſt. | 

Note, The M, C, and X are Thouſands, Hundreds, and Tens, 
the Titles of the Columns they ſtand over, as to place. 


Sgr. III. Sub ration of Intire Numbers. 


2 IS is a Rule whereby the Exceſs or Difference between two 
Numbers is diſcovered; that is, we find out by this part of 


Arithmetic how much one of two Numbers given, is greater or leſs 


_ the other. Thus if 15 be compared with 20, we find it leſſer 
by 5. | 
1 it appears, that in Subſtraction there are always 2 Num- 
bers given, from whence a third is diſcovered. | 
Of the 2 Numbers given, the greater I call the Compound Number, 
(as being compoſed of the leſſer Number and the Difference between 
thoſe given.) The leſſer I call the Subtrabend, it being that which 
is to: be taken from or drawn out of the greater. And when that 
is done, there ariſeth the third Number, which may be termed the 
Remainer, Exceſs, or Difference between the Numbers given, and 
is the Number ſought for in this Part of the Art of Numbering. 
As in Addition, ſo in Subſtraction the Numbers given are either 


of one ſimple Denomination, or elſe — one or both of ſeveral 


Denominations or Names; for the Num 
Concrete. 

I ſhall next illuſtrate what is ſaid, by examples of one and more De- 
nominations in the common Way of Working; and 2dly, in another. 


Examples of one Denomination, or of Abſtraf? Numbers. 


given are Abſtract or 


Example 1. Example 2. Example 3. 
Lent . 71032 Borrowed J. 19721 Received J. 9211 
Received J. 9735 Paid J. 8957 Diſburſed]. 1973 


Remainer J. 61297 Remainer J. 10764 Rem, = J. 7238 


Examples of ſeveral Denominations, (or of Contract Numbers.) 


Example 4. Example 5. 
Gained J. 1192: 12 : 3 Debtor /. 10132 : 10 : 44 
Loſt l. 287 : 14:7 Creditor J. 975: 18: + 


Remaineth gain'd/, 904: 17 : 8 Remaineth Dr}, 9156 : 15:33 
E 2 Example 


n 


28 OCubſirattion of Intire Numbers. Cnap. I. 
| | Example 6. | 7 
Received as an Agent or Factor, to be applied 
and diſburſed as per Order of my Employer— 
Paid A. B. for Goods bought —— 7. 2072 : 13 : 4 
For a Ship with Rigging 936: 19: 2 
For Cuſtom to the King 97:15: 34 
For Inſurance 5 28 
For Freight : 


J. 9000: — : — 


6 In all —3280: 3: 1 

Which Sum of the Payments being deducted ) 
from the J. gooo, the Remainer (in the Factor's >/. 5719 : 16: 11 
hands) is ; | 


Example 7. 
Weight Value 
C. gr. th E 
Bought of A. B. Sugars 193 : 3: 25 386:19: 4 
We of C. D. more 323: 3: 17 332: 18: 64 


Bought in all 317: 3:14 1.919: 17: 104 
Weight Value 
Cond : £6'&4 
Sold E. F. 25: 1: 14 for 59:17: 6 
to G. H. 126: 3: 25 at 315: 12: 10 
to J. K. 94: 2:14 at 235: 17: 64 
to L. M. 87: 3: 20 at 18013: 4 
Sold in all — 334: 3:17 at 792: 1: 23 


Remains unſold C. 182: 3: 23 | 127:16: 55 

Which unſold Goods coſt me 364 : 18 : 104 
From which laſt Sum deducting the next above 

it, the Remainer is gained (already) by this © 


Account 


2 22 


Directions for performing the foregoing Operations. 

I N the firſt Example you are to take the lower Line from the 
upper, or the leſſer Number 9735 from 71032. Begin at Units. 
place, and ſay 5 from 2 cannot be, but 5 from 10, which you muſt 
borrow, and add ta 2; that is, 5 from 12, and there remains 7. 
Then having put the 7 under the Line, ſay 1 borrowed and 3, (the 
Figure in Tens place of the Subtrahend) 1s 4, from 3 (in the _ 

poun 


Sgr. III. Subſtraction of Intire Numbers. 29 

und Number) cannot be; but from 13 (borrowing 10 as before) 
eaves 9. Which put down, as you ſee, and ſay 1 borrowed and 7 
(the Figure in Hundreds place of the Subtrahend) is 8 from 10 bor- 
rowed (becauſe you cannot take 8 from o) and there reſts 2. One 
borrowed and 9 is 10 from 1 (in the Thouſands place of the com- 
pound Number) cannot be, but 10 from 11 leaves 1, which put 
under, as you ſee. And laſtly, 1 borrowed from 7 in the upper 
Line, and the Remainer is 6. So the whole Sum remaining is 
61297. And thus any Operation of one Denomination is per- 
formed. | 
Then for ſevera] Denominations I ſhall inſtance, 1f, in the fifth 
Example. Tou muſt always begin with the leaſt Name, here Far- 
things; and ſay 3 Farthings from 1 cannot be, but borrowing 1 
Penny or 4 Farthings, add to the 1 Farthing makes 5; ſo 3 from 5, 
and there reſts 2 Farthings : put under as in the Example, and fay 
1 Penny borrowed from 4 Pence in the upper Line, and there reſts 
3 d. Then ſay 155. from 105. cannot be; but 15 from 205. which 
you borrow, and the 10, viz. from 30, and there reſteth 15. Then 
ſay 1 borrowed and 5 is 6, from 12, reſts 6 Pounds, &c. as in the 
former Examples. 

The fixth Example is performed by firſt adding together the Sums 
laid out, and then deducting that Sum, which is /.3280:3: x 
from the 9000. Thus 1 4. from 12 you borrow, leaves 11 d. 1 you 
borrowed and 359. is 4 from 205. which borrow, and the reſt is 
4 + which put under and deduct the 1 borrowed from 10, Sc. as 

ore. 

Laſtly, in the ſeventh Example, you are to deduct the Hundreds, 
Quarters, and Pounds ſold from thoſe bought : to perform which, 
you muſt ſay 17 Pounds from 14 U. cannot be, but 17 from 28 1b. 
which you borrow (that being a Quarter of a Hundred, which is 
the next Denomination) leaves 11; which added to the 14 1b, makes 
the 25 which you ſee. Then 1 Quarter of a Hundred borrowed 
and 3 is 4, from 7 (that is, 4 Quarters or 1 Hundred borrowed 
and added to the 3 Quarters ſtanding in the upper Line) and the 
reſt is 3 Quarters; which put in the Remainer, ſaying 1 (that is, 
1 Hundred weight) borrowed and 4 (in the Sum of the Sales) is 5, 
from 7 in the Hundreds bought, leaves 2; which put down, 
and ſo proceed, as in ſubſtracting one Denomination : and the 
quantiey of Sugar remaining unſold you find to be C. 182: 3 : 25. 

nd the Value of what is fold deducted from the whole Value 
bought, the Remainer is J. 127 : 16: 73 (which is the Sum only 

wanting, 
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wanting to make up the Coſt of all that was bought.) Which Sum 
remaining deducted from the prime Value of what Sugar remains 
unſold, viz. 182 C. 3 gr. 25 lb. which coſts. J. 364 : 18 : 105 the re- 
maining Caſh is J. 237 : 2: 24 which is got by this Trading, thus far. 

Note, Tho? the Subtrahend, as here /.127 : 16 : 71 ſtands over 

the Compound Number J. 364 : 18 : 10}, it is as eaſily de- 

ducted as if the leſſer Number ſtood under the greater, as is 

moſt uſual. 

By the Rules and Examples above, I ſuppoſe any one may per- 
form Subſtraction after the common way. 

But the Work may be effected with- 


out ſaying ſuch a Figure from ſuch a one 10 10 10 10 

cannot be, and 1 borrowed, Sc. as in the 46 12 3 10 

Margin. : 1 
For where any Digit in the com- Take 89 5 6 5 7 


pound Number is leſs than that ſtand- ; — 
ing under it in the Subtrahend, mark Reſts = 6 7 6 6 8 5 
the next toward the left-hand with a 

Point, and put over it a Digit, which is 1 leſs, as here over 4 in 


the Number given gue 3; over 3, 2, Cc. 


Then where the Figures put over the pricked ones (or thoſe given) 
are ſtill leſs than thoſe reſpectively in the Subtrahend, place 10 part- 
ly oyer, but a little toward the left hand ; then you-have the very 
Numbers at large, from whence Subſtraction is to be made. Thus 
7 from 12 reſts 5; 5 from 13 reſts 8; 6 from 12 reſts 6; 5 from 
11 leaves 6; 9 from 16 leaves 7; and 8 from 14 leaves 6. 

Now I have only inſerted the Figures over thoſe pointed, and 
the Tens to explain the Rule ; bur *cis certain, the Work may be 
as eaſily performed mentally, by ſuppoſing every Figure as afore- 
faid leſs by the 1 (ſuppoſed 10) which is borrowed from the next 
towards the left hand of the Number given to make Subſtraction 
from. For whenever you borrow 10, that 10 is preſumed to be 
taken from the next Figure towards the left hand; and of conſe- 
quence therefore that is x leſs, (1 in any Series being 10 in another 
next it toward the right hand.) Thus in the Example, 7 from 12 
reſts 5 ; where the one Ten borrowed makes the Figure in Tens 
place a Unit leſs, i. e. the 4 is but 3. And when you ſay 5 from 13 
refts 8; this 1 borrowed is actually taken from the next Digit 3, 
and leaves it but a 2, and ſo 2 becomes but a 1, 7 a6, and g; a 4, 
which is all ſuppoſed as you perform the Work, without putting 
down any thing but the Remainer. | 


So 
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So alſo in divers Denominations, the Unit borrowed being ſup- 
1/404 one of the next ſuperior Denomination, muſt leave that a 


nit leſs, as is explained in l. ep 
the Margin. Where 5.. 6 d. 10310 20 12 
1 gr. in the upper of the 6,0, 2 1 64 
two Lines given, being leſs Acquired or earned 7 1 3: 2 : 64 
than 175. 9 d. 4 in the lower Expended =3 9-7 :17 : 94 


Line ; therefore 4 Farthings 
taken from the 6 d. makes Saved, or put in Bank 31 5: 4: 84 
the + 3, and 5 d. reſteth; or 4 
12 d. borrowed from the 2 5. 
and put over the 5 d. makes 17 d. and 15. reſteth; 20 s. taken 
from the 3 J. makes the ſaid 1 5. to be 21 5. and 2 J. reſteth, Sc. as 
in one Denomination ; then I have it * to my ſight, that 4 
from + leaves t or +; 9 d. from 12 and 5 or 174. leaves 8; 17 5. 
from 21 leaves 453 71. from 121. leaves 8; 91. from 10 leaves 1. 
and 31. from 6/. leaves 3, without borrowing and paying. Which 
Method with Uſe will make the Work eaſier and ſhorter than the 
common Way ; I mean, when only the two Sums given are wrote 
down, and the reſt performed in the Mind, as Example. 

This is done with- | 
out the leaſt mention- 1 &' 4 
ing, borrowing or pay- The Rent-Roll of m te 3 
= and wich x 9.4 (ſuppoſe) is per Gn $1765 1223 
Eaſe and Expedition; Repairs, Taxes, Sc. deduct. 279: 13:9 
and may ſerve alſo to 
ſhew the Nature and My clear Eſtate per ann. = 1485 : 16: 6 
Reaſon of the common 
Way of Working. | 

The Proof of Subſtraction is either by Addition or SubſtraFion : 
For in the laſt foregoing Example, the Remainer J. 1485: 16 : 6 
being added to the Subtrahend, J. 279 : 15 : 9, the Sum is the com- 
pound Number given, or J. 176; : 12 : 3; which proves the Ope- 
ration to be right. 

Or by Subſtraction. If from the J. 1765 : 12: 3 you take the Re- 
mainer J. 1485 : 16: 6, there will then remain J. 279: 15 : g=the 
Subtrahend given. 


SEcer. 
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SE er. IV. Multiplication of Intire Numbers. 5 


TULTIPLICATION is a Rule which ſhews the Num- 
ber of Units produced by making one aſſigned Number any 
Multiplicity of times itſelf. ; 

Or *tis that Part of Arithmetic of ſuch admirable Extent, that 
no Number or Quantity can be ſo great, but another greater may 
be diſcovered : For by it not only the Number of fingle Sands that 
would compoſe an Heap as big as our Earth, but even one to ex- 
tend to the ſtarry Firmament are within the limits of this part of 
the Numeric Art to compute. 36 

It is an Abridgment of the Work of Addition, performing that 
ina Minute, that Addition would require ſome Hours to do. 

Thus if 8766 were to be multiplied by 20000, (or to know how 
many Hours are in 20000 Years) *tis only to double 8766, which 
is 17532, and to that place the four Cyphers toward the right hand 
will make it 175320000 the Anſwer, (which is done in leſs than 
half a Minute.) But how long it would require to put down 8766, 
20000 times; or 20000, 8766 times; and then add all thoſe Num- 
bers together; I leave the Reader to judge, and conſequently of 
the Excellency of this Rule, which is juſtly called Multiplication. 

As in the laſt Section, ſo in this Part there are = Numbers 
given to find a third: To inſtance, as above, 8766 and 20000 are 
given, and 175320000 1s the Number produced by or reſulting 

rom the 1 

Of theſe 3 Numbers 1 (commonly the greater of the 2 given) is 
called the Multiplicand, the other of thoſe given is the Multiplier, 
and both together they are called Factors; and the Number ariſing 
therefrom after Multiplication, is called the Product, or (in Geo- 
metrical Operations) the Rectangle. 

The Relation theſe three Numbers have to each other, is, That 
the Product containeth either of the Factors ſo often as the other 
Factor contains a Unit: and conſequently 

As 175320000. to 8766 : : ſo 20000. toi, Or | 
As 175320000. to 20000 : : 8766, 1. Cc. But this by the by, 
till we arrive at the Rules of Proportion. | 
* whole Buſineſs of Multiplication conſiſts in theſe three 
things. 

1. In knowing mentally and readily what any two Digits multi- 
plied together produce. | * 
2, In 
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t placing 


us aur is what 
is abſolutely neceſſary to 
get by heart. 

The ſecond Column for 
the moſt part, that is, in 
multiplying by 10 and Log 
does not charge the Me- 
mory : for to multiply any 
Number by 10, is only to 

lace a Cypher to the right 
d of the Multiplicand, 
(for 1, tho*.a Number, as 
* and diminiſh- 


ing an another by Addition and | | 


ſtraction, yet it neither 
multiplies nor divides.) - 
And to multiply any 
Digit by 11, is only to re- 
eat the Digit as in the 
mple. And I have ad- 
ded the Multiplication of 
the Digits by 12, becauſe 
that being got by heart, 
ſaves the trouble of making 
„5 whole * and pt ad- 
o Lines t er: 
8 you hive that by 
heart, you can multiply or 
divide by 12 * Number 
much uſed, being the 
Pence in a Soiling the 
Inches in a Foot, Ge.) as 
by one fingle Digit. 


thoſe Products. And. 
thoſe particular Products into one general Pro- 


* it follows, that a Table of the Products of one D 


another be compoſed, which, before 
moſt pleaſant _ uſeful Science, m 


| 


u can proceed ne Digic by | 
be learncd by heart : thus 
De Multiplication Table. 
3 times 3iz=9 10 times 2= 20 
412 Z= 30 
5=15 4= 40 
6=18 56= 80 
J=21 = 60 
8=24 7= 70 
9=27 = 80 
Ja times 4=16 _ ___ Ho 2 
' 5=20 11 times 2= 2 
6=24 | 3= 33 
7=28 4= 44 
8=32 5= 55 
936 6= 66 
5 times 5=25 JAE 
6=30 8= 88 4 
— 2 99 
=40 12 times 2= 24 
— 3= 36 
6 times 6=36 4= 48] 
7=42 = 60 
9=54 7= 84 
7 times 7=49 8= 96 
88886 g=108 
+ 9=63 10=120 
8 times 8=64. 112132 
9 272 1221444 
9 ü˖ times g=81 
F The 
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The wonderful ta ariſing from the placing Numbers, 
are many and forprizing : 1 ſhall here inſert an Inſtance, where, by 


lacing onl Fibres igures A the beſt advantage about 5 Digits given, 
10 eenshdtes 2 the Pert of the common Table that are abſolutely 


deter to be inſerted ſor the more W part of Readers. 
_ T7 brief Multiplication Table, viz. 


Two of theſe given to 
be multiplied, or one 
to be ſquare. 


Z | 

[Two of theſe mul > $472 F: 

| tiply, ſtanding a- | - ing the gi- 
gainſt the Num- 13 2 10 (ven Numbers in 

| rs given. - s to eue 1 


. The large Table is ſo 8 that it needs ho Explanation, as ſhew- 
ing that 8 times.$ is 64, 8 times 9 is 72, and the like of the reſt. 

Tr: this Table is very near as eaſyſ; for you mult always look for 

igits to be multiplied, in the middle Column: As ſuppoſe I 

Pace what 8 times 6 makes ;, againſt 8 in the middle Column 

> towards the right hand, and againſt 6 in the middle is 10 in 

ht-hand Column, the Sum of which is 40 3 and thoſe ſtandin 

ery the others, in the left-hand Column, are 2 and 4, which 
multiphed together, make 8: ſo that 8 times 6 is 48. 

And to ſquare any of the middle Numbers, as ſuppoſe 7, double 

20, which ſtands a pg it on one ſide, and multiply that by itſelf, 

which ſtands againſt 7 on the left-hand fide ; ſo 20 doubled is 40, 
and 3 ſquared pan 9 : ſo that 7 times 7 is 49, Cc. 

So much for the Tables: I ſhall now proceed to ſhew how the 

of Muleipheation is performed. And, 
2. The Application of the Rules in ſolving Queſtions, which may 
ſerve, inſtead of Reduction deſcending, to ſhew the Uſe of Multi- 


plication, 


Propoſition 
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1 tion 1. To mukiply 2 a — by another, which conſiſts 
on | | 


e place. 
Example 1. Example 2. 
Cite / Multiplicand 79533 Multipl—— 175945 
e Multiplier 42 8 dee 
| Product 636264 Anſwer = 1583505 


| _ Examply Da 7 3. 
Multiply 74963 


47025 + 76472 
by 75 357 2475 
374815 333375 382360 
524741 238128 535304 
142878 308888 1 
Product = 5622225 —— — 1835294 e 
| Product = = 17002125 


Product = W 6 
- Prop. 3. To multiply when one or wore Cyphers ar i vb: 
apl. but not at the end. F 


Example 1. 


Example 2, . 4 
-Muluply. , . 37234 97532 
7 «+ +» 5203 . | 32004 g 
1710 | 390128 
4 11468 393064, ö 
; : 2861702 292596 - mon 
2 . FLO orig 
ro. 4. todo one or more y are de 
— e n | 
| — Dian j. 10 
' 7399 
| I aas | e v 
| —— —— "= 
'976g000= product 2295960 Product — ; 
5 Product 78200000 
2 


Rules 
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Rules for performing the Operations above. 3 


In Example 1.] Say 8 times 3 (the Units place of the Multipli- 
cand) is 24; put the 4 under the Line, and carry the 2 Tens to 
the next Product, ſaying 8 times 3 is 24, and 2 carried is 26 ; put 
6 in Tens Place of the Produtt, and carry 2 as before, ſaying 8 
times 5 is 40, and 2 carried is 42; put the 2 under the Line as you 
ſee, and carry 4 (Tens) ſaying 8 times 9 is 72, and 4 carried is 76: 
put the, 6 under, and carry the 7, ſaying 8 times 7 is 56, and 7 
carried is 63, which (being the Produce of the laſt Figure) put all 
down, and you ſee that 8 times 79533 is 636264. And ſo much 
for Directions to multiply and carry the Tens from one particular 
Product to another; the Reaſon of which, and of placing the ſeve- 
ral Products a degree towards the left-hand, I ſhall ſhew by and by. 

In Example 2. of Prop. 2.) You find by the Rules above, that 7 
times 47625 is 333375 3 and then you multiply 47625 by 5 (the 
next Figure in the multiplier) faying 5 times 5 is 25: place that 5 
under Tens place of the former Product, and proceed as before 
and when you come to the 3, put 5 of the Product 3 times 5, under 
the Tens place of the laſt Line or Product ; and ſo continue, if you 
had never ſo many Figures in the Multiplier, as you ſee in the o- 
ther Examples. e | 

In Propoſition 3.) You have Examples, that when one or more 
Cyphers are'in the middle of the Multiplier, you muſt (in be- 

inning to multiply y' the Digir next the Cyphers towards the left- 
and thereof) place the firſt Figure of the Product not under Tens 
place of the former Product, as before; but put it ſo many places 
extraordinary towards the left-hand as there are Cyphers: the Ex- 
amples — explain the Meaning. ors ho | 
1 Prop. 4.] It is ſhewn, that whenever Cyphers are to the right- 
hand of either or both Factors, you need _ — * by the 
ſignificant Figures or Digits, and then place all the Cyphers in one 
or both the Factors towards the right-hand of that Product; and 
when 10, 100, 1000, Cc. is the Multiplier, you need only to put 
the Cyphers towards the right hand of the Multiplicand, and that is 
your Product, as by the firſt Example of this Propoſition. 


The 
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Method in the P the Work 
a. ves, Wis by — 6 ee. 


| 1 ſhall an Inſtance in the Work of the ſecond Example of 
the ſecon Propoſition foregoing ; and ſhall explain this by — 


Examples depending on each other, the ſecond of which, ; fopps ling 
the Cyphers left out, is an Abbreviation of the firſt; and t 
Example ſhews how much the Number of Figures in the ſecond 
Example is leſſened by carrying the Tens from the Product of every 
two Digits to that of the next, &c. and not putting the whole down, 
Lien rechen 15 Numbers into 3. 


Example 2. Example 3. 
47625 47025 


357 357 
ids bes d 25 
4200 42 | 00 
478000 af 6005 
2280000 
e 2 
230 2510 
1000 IO | OO 
30000 30 | 000 
N 350000 35 | 0000 
2000000 pu oe 
———=23812;=Sum 
1500 15 Joo 12 1 
6000 6 | 000 


. 85 74287 Sum 
Sum 170021251 00212 12 Sum Total 
er Product 5| . 5127008 "+ Produſt | 
In the firſt of theſe Examples —— the whole Work of the 


Multiplication as the Fi the whole being put down 
without Carrying or n as 7 times 5 is 35, 7 20 is 
: 140, 
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140, 7 times 600 is 4200, Sc. Then 50 times 5, 20, 600, 7000, 
and 40000 make the next 5 Lines: And 300 (the third Figure in 
the Multiplier) times 3, 20, 600, 7000, and 40000 make the laſt 5 
Lines or Numbers in the Operation. 

In the on Example you ſee how the Work ſtands when the 
unneceſſar hers are 50 off, and thrown out of the Account. And 
In the dir mple you ſce chat the Sum of the Numbers ſe- 
parated from the Cyphers do reſpectirely make che Numbers, and 
fall in the ſame order as in the ſecond * of Prop. 2. So that 
here you {ee not only the Reaſons, why the Tens arc carriedl from 
one frele Product to another, jr 1 Line or Number. is only 
made inſtead of 5 : but you alſo ſee Far the Reaſon why the 
Units place of every Line ſtands under Tens pics of the Product 
or Line of Figures preceeding. 

Thus much for . of Multiplication, 1 ſhall next ſhew, 

II. The Uſe and 

1. Of Money.] Pounds — reduced —— into Shillings, 
Pence, or Farthings, by multiplying the given Pounds by 05 240, 
or 960, as per Table 2. in Addition. 

Example, in 7873 how ; many Sung Sc. 


Example 8 3. 
3 Pounds Multi- 7. 7873 78731 
4: Shill. in J. 1. 7 ply. [240 d. . 960 9. in J. 1. 
1 
Sh. 137460 = the Anſwer. 131492 47238 
15746 (70857 * 


— — — 

Pence for Aufeer 1889520 Farth. 7558080 Anſwer. 

Note, Theſe Shiliings may be reduced into the Pence by multi- 

plying them by 12; and theſe Pence imo the Farthings by 

multiplying by 4. And the Bier of any other Pounds, Shil- 
lings and Pence. 


Queſt. 2. 0 I. WALES 18: 111 8 | 1.7873 218: 114 
how ny _ — | 960 
EY 7 73 5 a8 Ro ———— 
the th e e | 8 238 OY nne? 
duct whereof ald 911 = the 70957 Dub 10 
Farthings in 18s. 114.4 and — 
che Sam is the e e, r 
1 Na Add 945 W TY 


£255 #1 Nm J©4 Sm 25 9 = Anfwer. nim“ 
A | 2. Of 
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2. Of Averdupois Weight.) By the firſt Table in Addition it ap- 
that Tons are reduced into Hundreds by multiplying them by 


* 


o into Quarters of Hundreds by 80; into 


Pounds by 2240; in- 
to Ounces by 35940, Se. = 


Example, In 85 Ton how - . Ounces in 1 Ton=358940 
many Qunces? Tons given 85 
3. Of Liquid Meaſures.) In | — — 
157 Ton of Wine, how 179200 
many Quarts? By the third 28672 
Table in Addition, you ſee — 
that in 1 Ton are 1008 157 Ton. | Anſw. Oun. 3046400 
uarts: therefore the Tons 1008 = Quarts in 1 Ton. 


being 1 1 ana by 1008, 


— the uct 159256 1256 


157 


| | 158256 Quarts, Anſwer. | 
4. To reduce Time.) How many Minutes may we ſay it is ſince the 
Creation, ſuppoſing the Years, according to Sacred Chronology, to 
be 5716? 
By the eleventh Table in Ad- 7 525960 Minutes Multi 
dition, there are in 1 Year — — 5716-Years Fe ply. 


* 
* 


315376 
, 52596 
5. To reduce Square or — 4 368172 
ficial may (abr ow many Dia- 262980 
monds, of 16 in a ſquare Inch, — — 
will pave the Globe we live on, 3006387360 Minutes for Anſwer. 
ſuppoſing it a compleat Sphere 4 , 
or Globe all of Earth? | 
The Ambit (or Circumference) of the Earth, ac- 
cording to Mr Norwood's meaſured Degree of near 70 — 25040 
Engliſh Miles in a Degree, is Miles — — — 
4 f Fi fourth of which is Mile 6260 
Wich multiphied by the Earth's Diameter = 7967 
| 4382 
s 3756 
ij 5634 
The Product is the cial Content of a Circle, 1 4392 
whoſe Circumference is that of the Earth, viz, — f 79873420 
| | Product 
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| Product brought over — hy— 49873420 
4 


Which multi plied by 4, produceth.che'convex Area — 
of the Earth (or whole foperficial Content) in Square 19949 3680 
ich multiplied by the ſquare Yards in one ſquare I 
Mile, which are (as per Table the 7th) - * | 3097600 


| 119696208 

139045576 

179544312 
59848104 


The Produtt is the ſquareYards on the Earh=6:795 1623168008 
1 . multiplied by the Inches in a ſquare} . 1296 
| ant) FE 370770973 
2 „ e 50 5561 So | 
CTR e 07. ai er og” ance rene... . 
61795162 
_ Produceth the ſquare Inches on the } | — 
Earth's SurfacdrTPÿPz⁊ M- rere eee 
Which multiplied by „ in x ſquare Inch, viz......16 


4 


— 


4805191821754368 
TET 800865303625728 
Produceth the Number of Diamonds 
which anſwers the Queſtion. — — 1281 38448 $993 1648000 
NET: 100 
_ the Value of = once (be (as — — 
oreſaid) would pave the Glo 
at - aw each Diamond, is Pounds 128138448;801164800000 


This Value is numbred as the 16th in the Numeration Table. 
By all which Examples it Aren that in this kind of Reduction, 
which ſome call Reduction deſcending, one general Rule i is to be 


obſerved, viz. 
Multiply any Number of any Denomination b any Number of 


Units of a ſmaller or inferior Name, that make a Unit of that given, 
and the Product ſhews how _y of the later are contained in all 


the former. : * "For - 
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For Proof of Multiplication, ſee at the end of Diviſſon. 


Note, That many new and very brief Rules and Examples for Mul- 
tiplication may be ſeen in Decmals. | ol 


SzcT. V. Diviſion of Intire Numbers four ſeveral Ways. 


IVISION is that Part of Arithmetic by which a Number 
given is divided, ſeparated, or diſtributed into any Number 

of Parts aſſigned. 

Hence tis plain, that it is the Reverſe of Multiplication; for as 
that produceth an Increaſe, ſo this produceth a proportionable De- 
creaſe: And conſequently the Truth of any Product of Multiplica- 
tion, is proved hy dividing it by one of the Factors, of which more 
hereafter. | . 

Diviſion performeth the Work of many Subſtractions (as Multi- 

lication does that of many Additions) by a few Figures and in a 
mall Time; which Subſtraction would require an incredible deal 
of Time, F es and Paper, to effect. To inſtance in the former 
Numbers: If it were propoſed to find out how many Years are in 
175320000 Hours, there being 8766 Hours in 1 Year, therefore 
to do this by Subſtraftion, would re- 

uire that you deduct 8766 ſo often 8766) 175320000 (20000 
— 175320000, till nothing remain, a 
which would be after 20000 De- 0 
ductions. But the Work of Diviſion 
ſhews the Anſwer with that Brevity which you ſee in the Margin. 
It appears from hence, That in Diviſion there are always 2 Num- 
bers given, and a third ſought for. The Numbers given, are, 
1ſt, That which is required to be divided, which we call the Divi- 
dend. 2dly, The Number of Shares, Parts, or Portions, into which 
the ſaid Dividend is aſſigned to be parted or divided, which we call 
the Diviſor. 3dly, The Part or Share ariſing from the Work of 
Diviſion (being the Number ſought for) we call the Quotient, (from 
wotiens, i. e. how many times) which ſhews how often the Diviſor 
1s contained in the Dividend. 

And if the Dividend contain ſomewhat more than the Quotient 
expreſſeth, (but not ſo much more as the Diviſor amounts to) that 
Surpluſage is called the Remainer or Remainder. 

So that the Relation which the two Numbers given and that 
ſought (ſuppoſing no Remainer) have to each other, is, That the 


Dividend contains either the — or Quotient ſo often as — 
other 
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other doth a Unit: For as a Unit to the Diviſor : : ſo the Quotient 
to the Dividend. ER 

Or as a Unit to the Quotient : : fo the Diviſor to the Dividend; 
and conſequently, 

The Product of the Diviſor and Quotient is equal to the Divi- 
dend by 1; any of which Conſiderations proves the Truth of the 
Work of Diviſion. l 
| The Operation of Diviſton confiſteth in theſe five things. 


1. In conſidering how many places toward the left hand of the 
Dividend the Diviſor can be taken from : If from the like Number 
of Places that are in the Diviſor, then, | 

2. To conſider how often the firſt Figure in the Diviſor can be 
had in the firſt of the Dividend towards the left hand. But if the 
Diviſor cannot be taken from the like Number of Places with itſelf 
from the Dividend; then to aſk how often the firft Figure in the 
Diviſor (as before) can be had in the two firſt places towards the 


left hand of the Dividend; in ei- Example 1, © 
ther of which Caſes, Diviſor \ Dividend Quotient 
3. We put the Anſwer in the 7 J87054321\ 12522045 
Quotient, (as you ſee in the Ex- „„ 26 
ample.) 3 
4. By that Figure ſo put in the — 
1 we multiply the Di- 17 
viſor, and put the Product un- 14 
der that part marked out in the — 
Dividend. 36 
5. We deduct that Product 35 
from the ſaid marked Part or Di- — 
vidual, and put the Remainer 13 
under a Line, as in the Examples. 4 
Propoſition 1. To divide by a- — 
vy ſingle Figure or Digit. 3 
g | 14 
032 
28 
41 
85 


6 Remainer 
Example 


— 


rer. v. — of Intire Numbers. 


+ — Examplen, Example 3. 
8) 1743219 (217902 9) 90123456 (10013717 


3 remains, 


3 remains 
Prop. 2. To divide by 2, 3, or more Figures in the Diviſor, 
Example 1. . Example 2. 


21) 7334565 (349265 | 136) 1234567 (9077 


5 9 * 
4 


1224 


1086 
952 


1047 
932 


95 reſts. 


Example 3. 
9876) 1234567 (125 


— 
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Prop. 3. To divide by a Diviſor having Cyphers in the firſt, ſe- 
cond, &c. places thereof. | | 


Example . Example 2. x Example "INN 
350) 987654 (2821 nee 1 Anſw. 
1 9 3 Sg . et” B 
70 96 
— AYER, — Quote =1976 
287 27 Remains 432 
280 . 24 — 
76 Reſts 3654 to divide by 12000 8 
70 | | 
65 
35 
Reſts 304 


Rules for performing the Work of the three laſt Propoſitions; 


Thoſe by 1 Figure under Prop. 1. are ſo eaſy, that any one may. 
divide, obſerving the five general Rules for proceeding. To in- 
ſtance in Example 2. I aſk how often 8, the Diviſor, can be had 
in 17, the two firſt Figures to the left hand of the Dividend, (be- 
cauſe I cannot have 8 in one place of the Dividend) the Anſwer is 
2 times; which 2 I put in the Quotient, and ſay 2 times 8 (the 
Diviſor) is 16; which placing under the 17, and taking the 16 
from 17 the Remainer is 1, To which bring down the next Fi- 
gure 4 in the Dividend, (and as you bring down any Figure to a 


- Remainer, mark it with a Point under, leſt you bring it down 


twice) and then ſay how often 8, the Diviſor, can be had in 14, 
the Anſwer is 1; which put in the Quotient, and ſay 1 time 8 is 8, 
which put under the Deduct from 14, and the Remainer is 6; to 
which bring 'down 3, (the next Figure in the Dividend)-and aſk 
how often 8 in 63, the Anſwer is 7, which put in the Quotient; 


'and ſo go on to the end of the Work, 1 this Rule, That if 


after you have brought any Figure down to a Remainer, you can- 
not have the Diviſor in it; you muſt put a (o) in the Quotient, and 
bring down the next Figure, as in the laſt Figure but one of the 
Example we are upon. 1 
1 


4 
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In the Examples to Prop. 2. It is almoſt as eaſy to divide by 2, 3, or 


4 Figures as 1, obſerving chiefly this Rule; as in Example 2. of this 


Prop. I aſk how often 1 (the firſt Figure in the Diviſor) may be 


had in 12, (the two firſt Figures in the Dividend) the Anſwer 
would be 12 times; but you muſt never take it above 9, that is, 
you muſt never put above 9g in the Quotient at one time. And alſo 
obſerve, that you do not put that 9 in the Quotient till you have 
tried on a piece of waſte Paper whether 9 times 136 do not exceed 
1234, (the firſt part of your Dividend) which finding it leſs, may 
conſequently be taken from it: So ꝗ times 136 is 1224, from 1234, . 
and there reſts 10; to which bring down the next Figure (5) in the 
Dividend, and conſider how often 136 (the Diviſor) can, be had in 
105, the Anſwer is (o) which put in the Quotient, and then bring 
down the next Figure 6 makes 1056. Then ſay how often 1 (the 
firſt of the Diviſor) can you have in 10, (the two firſt of that part 
of the Dividend, becauſe that has one place more in it than is in the 
Diviſor:) If you ſhould ſay, 1 may be had ꝗ times or 8 times in 10, 
you will find that the Diviſor multiplied by either of thoſe Figures 
will exceed $056, and ſo cannot be taken from that Number. 
Wherefore finding that 7 times 136 will be leſs than 1056, I put 
7 in the Quotient, and multiplying 136 by 7, it produceth 952 ; 
which take from 1056, and the Remainer is 104: To which bring 
down the 7 (the laſt in the Dividend) makes 1047, and ſay how 
often 1 (the firſt of the Diviſor) can be had in 10 (the two firſt of 
the ſaid 1047) the Anſwer is 7 times, (for it will bear no more, 
without making the Product of the Diviſor thereby to exceed the 
1047) ſo 7 times 136, which is 952, deducted from 1047, the Re- 
mainer is 95 : So that I find I can have 136 in 1234567, 9077 times, 
and 95 reſts. By obſerving theſe Rules you'll eaſily fee how to per- 
from the Work of this Example, and by this any other; and I have 
been particular in giving Rules for that end. ; 

In the Examples under Prop. 3. When Cyphers are in the firſt, ſe- 
cond, c. places of the Diviſor, cut off the Cyphers, and as many 
Figures towards the right hand of the Dividend, and divide thoſe 
remaining towards the left hand of the Dividend, by thoſe that remain 
towards the ſame hand in the Divifor: and when the Work is ended, 
put the Figures cut off the Dividend to the right handof the Remainer. 

And for the third Example, to divide any Number by 10, 100, 1000 
10000, Sc. You have nothing to do but only cut from the right 
hand of the Dividend ſo many places as there are Cyphers at the 


end of the Diviſor: ſo thoſe remaining towards the left hand of the 
Dividend. 


— 
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Dividend are the Quotient, and thoſe cut off towards the right hand 
are the Remane... | 


But there is 1 
A Second Way of Diviſion: 

Where by omitting to put down the ſeveral Products, and de- 
ducting gromently as you multiply each Digit, you do it with near 
half the Figures. | 
Thus the third Example under Prop. 2. 9876)1234567 (125 
is done as in the Margin. For I ſay how * 


often 9 in 12, the Anſwer is 1; then in- 24696 
ſtead of ſaying once 9876 is ſo much, and 
putting it under 12345, 1 ſay 1 time 6 49447 
from 15, (where 10 is added to the 5 in 
Units place of 12345) and there reſts , 67 reſts. 


which put under, and ſaying I time 7 and 
i borrowed is 8 from 14 reſts 6; 1 time 8 (in the Diviſor) is 8, and 


1 borrowed is , from 13 (borrowing 10 as before) and there reſts 
4, which put under, and ſay 1 time 9 (in the Diviſor) is 9, and 1 
borrowed is 10 from 14, and there reſts 2. Then to the Remainer 
2469 bring the next Figure in the Dividend, viz, 6, and ſay how 
often 9 in 24, the Anſwer is 2; then proceed as before, 2 times 6 
is 12 from 16 reſts 4, 2 times 7 is 14, and 1 is 15, from 19, reſts 

43 2 times 8 is 16, and 1 borrowed is 17, from 26, and there 
reſts 9, (you borrowing 2 to add to the 6 is 26) 2 times 9 is 18, 
and 2 borrowed is 20, from 24, leaves 4, or 49443 to which bring 
down the 7 in the Dividend, and proceed as before. | 

I defire this Method laſt mention'd may be well underſtood, for 
that the ſubſequent Examples will be performed by it, as being the 
ſhorteſt and eaſieſt Way, tho? ſome prefer this 


Third Way of Diviſion. 


Divide 1234567 by 136. 

In this kind of dividing, the Diviſor is, 209 
put under ſo much of the the Dividend as it 122357 
can be taken from; for 136 can't be ta- 222 9077 
ken from 123, therefore I put it under * ; 
1234, the firſt part of the Dividend, F 
and then aſk ( as in the ſecond Example 
of Prop. 2) how often 1 in the Diviſor can be had in 12 in the 
Dividend, the Anſwer is 9 times; which 9 put in the —— 5 

uſual, 


/ 
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uſual, und ſay 9 times 6 in the Diviſor is 34, from 34, (borrow 
5 to add to the 4 ſtanding over the 6; and as you B 
daſh them out with your Pen) there reſts o; 9 times 3 in the Divi- 
for is 27, and 5. borrowed is 32, from 25 8 3 Tens to 
add to the ſtanding over the 3 in the Diviſor) and there reſts 1, 
which put over the 3, as you ſee. Then remove your Diviſor a 
degree towards the right hand, as in the Example, and conſider 
how often 136 you can have in 105, (which is 10 that remained, 
and 5 next the 4 in the Dividend) the Anſwer is o, which put in 
the Quotient, and taking the next Figure, viz. 6, into the 105, 
- makes.1056 ; ſay how often 136 in 1056, or 1 ih io, the Anſwer 
is but 7 times; then 7 times 6 is 42, from 46, and there remains 4, 
which put over the 6, (daſhing it out, and alſo the 6 in the Diviſor) 
ſaying. 7 times 3 is 21, and 4 borrowed is 25, from 25, (borrow- 
ing two Tens) and there reſts o, which put down over the 5, ſaying 
7 times I is 7, and 2 is 9, from 10 leaves 1, which put over the 
Cypher as you ſee, daſhing out the Figures in the Diviſor as you 
maktiohy them, and of the Dividend as you deduct therefrom. Then 
remove the Diviſor, and proceed as before, and as you fee in the 
Example. | 

But there are two * which render this way of Diviſion infe- 
rior in Eſtimation to the ſecond, i. e. the repeating the Diviſor for 
every Figure put in the Quotient; and alſo the cancelling the Fi- 
gures, makes it very difficult to examine your Work in caſe of a 


Miſtake. | 
The Illuſtration and Rationale of the Work of Diviſion. 


I ſhall inſtance in admitting that 9876543210 were to be divided 
by 45678. 


A Fourth 


1 Diviſion of Intire Numbers. Crap. I. 
A Fourth Way of Diviſion; or, The Operation of Dwiſion illuſtrated. 


| _ Produtts of the | Diviſor 71 
Diviſor. PPeates 3 | 
by x = 45678145678 (9876543210 (200000 = firſt Quotient. 


* „ 9 * 


| 6 
; = 91356 5 2 | 
+ 45678, 740943210/—10000 = ſecond Quote. 
— 182712 45678 284163210! = third Quote. 
5 = 228390 | 274068000 | 
'6 = 27406845678 10095210/——200 = fourth Quote, | 
| 91359) tn tr 
7 = 319746 bh 7m 
45678 959610———20 = fifth Quote. 

* Ny . 913560 KT of | 

9 = 4111026678 46050. 1 = ſixth Quote. 
: 45678 | 

The Tarif. 216221 = Sum or Gene- 


| reſteth 374] ral Quotient. 


— — 


In the beginning of this Part or Section, Diviſion is ſaid to be 
the Work of many Subſtractions, and ſo it is plain: But then we 
are taught here how to go a nearer way to work than to deduct 
the Diviſor ſingly; for in the firſt Operation above, we deduct 
200000 times the Diviſor at one time, (which are all the ooOOO's 
of the Diviſor that are contained in the Dividend.) At the ſecond 
Working we deduct 10000 times the Diviſor, (which is all the 
r0000's of the Diviſor that is in the Dividend.) The third time 
we take 6000 times the Diviſor from the Dividend, then 200 times, 
then 20 times, and then 1 time the Diviſor from the Dividend: So 
that by this Art of Diviſion you deduct at 6 times what by Sub- 
ſtraction would require 216221 times to perform. 

Now to know how many times the Diviſor to deduct the firſt 
time, I conſider what part or places of the Dividend I can take the 
Diviſor from, and find it the five firſt towards the left hand; there- 


fore I mark that, by putting a Point under it, and I conſider _ 
| often 
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often the Diviſot can be had in thoſe five places, or how often 4 
(the firſt of one) in 9 (the firſt of the other) and find it 2 times, 
Now to know what Denomination to give this (2) I conſider what 
place that Figure which I made the Point under poſſeſſeth, which 
being the Hundred thouſands, therefore this 2 is 200000 : ſo that 
multiplying the Diviſor by 200000, and deducting the Product from 
the Dividend, the Remainer is 740943210, which is an abſolute 
new Dividend, to be divided by 45678 the Diviſor. So having re- 
peated the Work by the ſame Rules, at laſt a Number leſs than the 
Diviſor remains, ſo the Work 1s ended. 

And thus by dividing the whole into 6 diſtinct Dividends, there ari- 
ſeth 6 Quotients; the Sum of which is the general or true Quotient. 

But becauſe Brevity is moſt commendable in this Art, therefore 
all ſuperfluous Figures being omitted, as the repeating of the Divi- 
ſor, the Cyphers at the'ends of the 9 and Subtrahends, the 
Work is then the ſame as in the two firſt Propoſitions: And if the 
whole Subtrahends be omitted to be put down, deducting as you 
gradually multiply the Diviſor by the Figure put in the 2 
the Work is then contracted as much as may be, and will ſtand as 
in the Example under the ſecond Way of Diviſion. 

The Tarif ſhews you by Inſpection how often the Diviſor can be 
had in each Dividend (without trial or gueſſing) and the Digits 
towards the left hand ſnew what muſt be put in the Quotient. 

The Uſe of Diviſion. 

Farthings, Pence, or Shillings, are immediately reduced into 

Pounds, by dividing the given Number by 960, 240, or by 20, (as 
by the ſecond Table in Addition.) 
In 157460 Shillings how many Pounds? Cut off Units place, 
and take half the remaining Figures toward the left hand; and 
where the Number to be halted is odd, take the leſs half, and put 
10 to the next Figure, &c. Thus 1 of 157460 is J. 7873. 


In 1889520 Pence how In 73000 Farthings how 
many Pounds? many Pounds? 
240) 1670820875 Anſwer. 960) 7558080 7873 Anſwer. 
= | 2 
TM * 
0 


O ; 
, H Note, 
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Note, Farthings are reduced into Pence by dividing by 4, and 
Pence into Shillings by dividing by 12. | 
In 7558991 Farthings, how many Pounds, Shillings, Pence, and 
arthi 


ings ? 
| 10 . J. l 
| 4) 7558991 (1889747 (157478 (7873 : 18: 11 4 Anſwer, 

| 3 CAS #'® 12). 20) | | 
| 35 8 = 

| — — Shillings are made Pounds by 
| | 35 89 the above Rule of halving. 
it 38 57 
1 29 94 
i 19 107 
: | 31 *11 Pence reſt, 
4 3 Farthings reſt. | 

Example 5. In 3046400 Ounces, how many Ton? 


Ounces in a Ton 
per Table 1. ne 35840) 3046400 (85 = Ton Anſwer. 
Addition, | EY | | 


17920 


2 | 
Example 6. In 158256 Quarts, how many Ton of Wine? 


N, Table oo 1008) 158256 (157 = Tons of Wine, Anſwer, 


5745 


7056 


| 0 
Theſe fix Examples are the Reverſe, and prove the Truth of the 
fix firſt in the Uſe of Multiplication. - 
And as a ſeventh Example, I ſhall give the Uſe of Multiplication 
and Diviſion, in ſhewing how to find all the aliquot Parts into 
which any Number is capable of being divided: and the Uſe 


thereof. 
Example 
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Example 1.] To find how many even Parts into which 360 is di- 
viſible. See the whole Operation, 


2) 360 The Diviſors and ! | | 
2 180 laſt Quote = 2 2, * 3s. „% 


2) 90 E 4. 8, 
3) 45 6, 12, 24, 9, 
3) 15 13, 36, 72, 

oy 


IO, 20, 40, 15, 
30, 60, 120, 45, 
90, 180, 360. 


1. I divide the given Number by 2, 3, 3, 7, or other that will 
divide without a Remainer, and then place the Diviſors and laſt 

uote as in the Example. | 

2. I multiply the 2 next the left hand by the next 2, which pro- 
duceth 4, placed under the 2, and that Product by the firſt 2 

wes 8. 

, 3. I multiply the 3d (2) the 4, 8, and 2d (3) by the 1ſt 3, which 
produceth 6, 12, 24, and ꝗ placed under the reſpective Multipli- 
cands, (as I do all the reſt following.) l | 
4. In like manner I multiply 6, 12, and 24, by the 3, (becauſe _ 
that Digit is repeated, otherwiſe I ſhould have multiplied the 2, 2, 
2, 3, and the 4, 8, alſo by it) and the Products are 18, 36, and 72. 

5. I multiply all that is before by 5, (except where the Products 
would be the ſame) as 2, 4, 8, and 2d (3) in the firſt and ſecond 
Lines, which produceth 10, 20, 40, 15, in the fifth Line. Alſo 
by the ſame 5 (next the right hand) I multiply 6, 12, 24, and 9, 
which produceth 30, 60, 120, and 45 in the ſixth Line; and 18, 36, 
and 72 in the fourth Line (of the Numbers above) by the ſame 5 
produceth go, 180, and 360. 
And if there were any more different Digits in the firſt Line to- 
* wards the right hand, I ſhould multiply all the above 7 Lines there- 
by (where the Products would not be the ſame, for I omit repea- 
ting one and the fame Product). But becauſe the laſt Number is 
360, and cannot therefore be properly ſaid to be a part of the Num- 
ber given, I therefore omit that, and put 1 always inſtead of the 
Number given. 

And tho? you change the places in the Figure in the firſt Line, the 
Anſwer will be true; as in _ ſubſequent Example will appear, — 

2 7 


% * 
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by the above Rules the aliquot Parts in the laſt Example of 360 are, 
found 1, 2, 3, 4, 5, 6, 8, 9, 10, 12, 15, 18, 20, 24, 30, 36, 40, 45, 
60, 72, 90, 120, and 180, : ; 

Example 2.] To find all the aliquot Parts into which-10350 may 
be divided. | | 

10350 divided by 2=5175; that by 3=1725 3 that by 3=5753 
that by 5 = 1153 that by 5 = 23. 
Which Diviſors . . 

and the laſt 9. . 2, 5, 5, MD © tran 


Quote are 


9999.5 =3 by the 3. 
r = 3, and 9 by the 2 in the 
| upper Line. 
13, 45, 1O, . . = 3, 9 and 2 by s in the 
1 a | upper Line. 
90% 0G; « oo eo oe 4=6 and 18 by 5. 
75, 225, 50, 25,|=alſothe15,45,and _ 
bs J ſaid g;; it being repeate 
150, 450, = 3o and 9o by 3, for the 
— ſame reaſon. 


69, —, 46, 115, = 3, 2 and g in 23, the firſt 
| in the upper Line, 


| 207, g in 2d Line by ſaid 23. 
| 5 
# 23% 424 =6 and 18 in the 3d Line 
- by ſaid 23. 
345, 1035, 230, =15, 45, and 10 in the 
4th Line by 23. 
690, 2070, = 3oand qo in the 5th Line 
| by the 23. 
1725, 5175, 1150, 575,|=the6thline by 23, thefirſt 
Number in the firſt Line. 
3450, 10350, = 150 and 450 in the 7th 


Line by faid 23. 


So the even Parts of 10350 are 1, 2, 3, 5, 6, 9, 10,15, 18, 23, 25, 
30, 45, 46, 50, 69, 75, 90, 115,138, 150, 207,225, 230, 345, 414, 
450, 575, 690, 1035, 1150, 1725, 2070, 3450, and 5175. 

The 
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The Uſe of the Rules for finding the. Aliquot Parts of a Number. 
This will appear thus : Suppoſe I would find all the aliquot Parts 
of a Pound Sterling, I reduce it to its leaſt Denomination, as 960 
Farthings; the aliquot Parts of which are found 2, 3, 4,5, 6,8,10, 
12, 13, 16, 20, 24, 30, 32, 40, 48, 60, 64, 80, 96, 120, 160, 192, 240, 


320, 480, and 960. 
Which Numbers being made SY % + „% +» ME 
Denominators, and 1 the Nume- | — 4 8 16 32 64. 
rator, there will ariſe the Parts of |_%_'2» _2+ = 2 . 
Coin following; which being ſup- - , 20, 40, 50, 100, 320, 15, 
poſed the Price of any — 3 
the Value of any Number of them is found by dividing the Num- 
ber of Integers by the reſpective Denominators at once. 


A „ I .11 > F & 
1 A} 28a: 7 21611 
6: ee: 4: olje Alo:5:;ollectelr;t 
— 520 VA: 3: © © & 9 24:0 5 3.1: 
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E 3: 40S Alo: 10: 08 Flo: 3: 0 E 33oſ0 2 3 
R -*F ello: 8:0 E iſo; 2 2 2 X ,Fo{©0 : 2 
5382 0 le: 7 2:22 | TALES: 
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Example 1. What doth 7358 amount to, at 1 d. 1 g. each 
| 192) 7358 (38 l. 65. 5 d. = Anſwer. 
1595 
62 reſt ſo many 5 Farth. or 6 5. 5 d. 
Example 2. What doth 31987 come to at 3 d. 3 g. each? 
; | 64) 31987 (499 J. 15 5. 11 d. 3. = Anſwer. 


638 
627 | : 
reſts 51 ſo many 3 d. 39. or 155. 11 d. 4. 
«Note, 1 d. 1 f. in the firſt is 132; and 3 4.39. in the ſecond Ex- 
ample, is 2, of a Pound. 
Alſo by the ſame Rule, what follows are the even Parts of a 
Ton in Averdupois greater Weight. 


% IC. gr. . H IC. gr. . IC. gr. 4.||> C. gr. 1 

I Zjw0:0: © I 41:1: 0 n Tho oro: 

oy 5:0: ofjſes >[1:0: ole Soil: 418 „ o: 0:7 

ty 4:0: OS: 2: 24]|> &: 1: off © it, ©2038 
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70 3 rns „ 2 23,0 03021 
0 822 2. 20 lo:1:12ll 2140: o: 10 | 


| 
| 
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The Proof of Multiplication. 


This can only be done by Diviſion : as in any of the 6 Examples 
foregoing, the Products of thoſe in the Uſe of Multiplication are 
proved to be true by. dividing thoſe Products by the Multiplier, 
the Quotient is the Multiplicand ; or if you divide the Product by 
either of the Factors, the Quotient will be the other. But to pre- 
tend to prove Multiplication by caſting out the Nines, is a Miſtake, 
as I have elſewhere demonſtrated ; for why divide by 9 more than 
2, or any other Digit, which would prove the Work as well? But 
the eaſieſt way is to divide the Factors by 10, and the Product of 
the Remainers by 10, which will leave a Remainer equal to that of 
the Product divided by 10. But the miſchief is, that if there be a 
Miſtake in the Product of juſt your Diviſor, or any Power thereof, 
this Way of proving will not ſhew it. 


. The Proof of Diviſion. 


This is either performed by Multiplication or Diviſion, as ap- 
8 in the 5 

argin. For 357) 17002125 (47625) 17002125 (357 = Quotient 
Example, — * 3 or former 
have divided — Diviſor. 
17002125 by 
357, and find 
the Quotient 
47625. And 
if 17002125 892 0 
be divided by | 
that Quotient, 1785 
the later Quo- 
tient will be 
357 = the for- . 
mer Diviſor. This is proved by Multiplication of the Quotient 
47625 by 357 the Diviſor. See Example 2. Prop. 2. of Se. 4. 
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Ster. VI. Of Extraiting the Roots of Numbers, called Evolution. 


N this Section I ſhall ſhew, 
1 1. The Extraction of the Square Root. 
II. The Extraction of the Cube Root. a 
III. The Extraction of the Biquadrate Roots of Numbers. 
| I, The 


* 


Sect. VI. Of Extratting the Roots of Numbers. 35 


I. The Square Root of a Number is ſuch a one, as being multipli- 
ed in itſelf, produceth the Number given .(for to ſquare any Num- 
ber, is to multiply it by itſelf ) Thus the ſquare Numbers, whoſe 
Roots are the 9 Digits, are as follows in the Margin. 

This may be illuftrated by any ſquare Super- 
ficies, as Glaſs, Board, &c. for if the ſuperficial 8 
Content of a Square thereof (whoſe 4 Sides are | 5 
equal) be 81, then one of the 4 Sides is 9 if | 8 
the ſquare Superficies be 64, then 1 of the 4 e- |© 
qual Sides is 8, Sc. as appears by the Table. | 81 
And the ſquare Figure whoſe Surface is 64 | 64 
ſquare Inches, Feet, or other thing; each Side 49 

3 

25 

16 
9 
4 
1 


„ 


is therefore 8, which is called the Root of that 
Superficies, as you ſee. So that when the 
ſquare Root of any Number is demanded, it is 
as much as to require what the Side of a Geo- 
metrical Square is, whoſe Area (or ſuperficial, 
or outſide Content) is any Number given. 
Hence it follows, that by extracting the Square 
Root of any Superficies, you reduce 
it to a compleat (or Geometrical) 
Square. Thus the long Quadratick 
Figure being 16 in length, and 4 in 
breadth, the Superficies is upon the 
flat 64, (or 4 times 16) and the ſquare 
Root of 64 by the Table above is 8. 
Therefore a —— Square, one. —— A- 
of whoſe four equal Sides is 8, (as —— ——— 
that above) is equal to the long 

Square, or any o- 


M 9 Wo Oo AN oo Sn Roots 


— 2 


U 
5 


2345078 | 


ther Figure whoſe ETI IT T1 
flat Surface is 64. 1222 T1 r — 

Such Numbers |_| |_| SEUWANEWA© 
as the above, when | | | | HEMSHNST 
the Root may be 12345 67 8 9101112131415 16 


extracted without | | 1 
a Remainer, may be called compleat or. perfect ſquare Numbers; 
but there are abundantly more Numbers, whoſe Roots cannot be 
preciſely extracted: and theſe are called imperfect Squares, or 
Surd Numbers, of which more in Decimals, Logarithms, and eſ- 
pecially in Algebra, hereafter treated on. 

ä Queſtion 


5s Of Extracting the Roots of Numbers. Curt. I. 
Queſtion 1. What is the Square Root 


Root of 10274589? | 1012714589! 161(320 
Place the Number ſo that you 1 5 : : =o 
wy conveniently perform the Work, 6) 127 
and point qver the firſt and every 6400 
ſecond after ward; which Points ſhew 6410) 2584 1 
how many places the Roots will con- — Rk 
ſiſt of O remains. 


Then conſider what ſquare Num- 
ber in the foregoing little Table is next to and can be taken from 


the firſt branch towards the left hand of the ſquare Number given, 
(as here 10 ;) 9 I find is the next, whoſe Root (3) I put down (like 
a Quotient) as you ſee, and ſubſtracting the Square of 3 (or 9) 
from 10, there remains 1. 

To which Remainer 1 I bring down the two next Figures (27) 
and divide that 127 (except the Figure next the right hand) by 6, 
which is double the Root (3) ſaying the 6's in 12 is 2; put that in 
the Root, makes it 32. Then ſquare 2, and deduct from 7, (in 
the 127) and the reſt is 3; then multiply 6, the double Root, by 
2, and deduct the Product from 12 (in the 127) and there reſts o 
the reſt is only Repetition, 

Then double the Root 32 makes 64, and that is your next Di- 
viſor. Then to the 3 bring down the next Branch 45, -marking it 
as you do in Diviſion, and you have 345 for a Dividend, 

But becauſe (if Units place, here 5, be excluded) you cannot 
have 64 in the reſt, which-is 34 ; therefore put (o) in the Root, 
and alſo in the Diviſor, (to 64, as you ſee) and bring down the 
next Branch 89, makes a Dividend 34589 to divide by 640. And 
finding I can have 6 in 34, 5 times, I put 5 in the Root; and ſqua- 
ring 5 (as was taught for the other Figures of the Root) I ſay 25 
from 29, (of the 34589) and there reſts 4, and carry 2; 5 times © 
is o, but 2 from 8 reſts 6, and ſo 5 times 4, proceed as in Divi- 
fion, and the whole Remainer is 2564. | 

Laſtly, To this bring down the laſt Branch (16) and divide the 
256416 by double the Root 3205, viz. 6410, and the Quote being 
4, I put it in the Root, and ſubſtracting the ſquare thereof from 
16, (in the 256416) and alſo the Product of the Diviſor thereby, as 


before ſhewn, there remains (o) and 32054 is the Anſwer. 


— 


4 ſecond 
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A ſecond Example. A third Example. 
| - Square Square 
„ „ oot. 
11473 25 * 8 (988202 
20) 1473 18) 1665 
214) 2425 196) 16143 
2142) 28496 1976) _ 39921 
21422) __ 707543 1976400 39270123 
4374 reſts. 17319 reſts. 


II. The Extraction of the Cube Root. 


The Cube Root of any Number is that whoſe Square multiplied 


by the Root, produceth the Cube Number given. 


Numbers, - whoſe Roots are the 9 Digits, are as follows. 


A Cube is a ſolid Body bounded by ſix Geo- 
metrical ſquare Superficies's, as a Dye, whoſe 
Length, Breadth, and Depth, (or Thickneſs) are 
all equal: And to extract the Cube Root of any 
Number, is to ſuppoſe that Number the Content 
of a Cube in Feet, Inches, Sc. given, to find the 
Side of one of the ſix Squares that bounds it. So 
that as the Extraction of the Square Root is chiefly 
uſed in meaſuring and proportioning of Surfaces ; 
ſo is the Cube Root in doing that of Solids. And 
as there are Surd Numbers, whoſe Square Roots 
cannot be extracted without a Remainer, ſo it is 
in Cube, and other Roots. 

I ſhall give but one Example, but ' tis ſo plainly 
demonſtrated, as may be ſufficient to enable any 
one to extract the Root of any whole Number : 
And where there are Remainers, I ſhall ſhew how 
to proceed, when I ſhew the Uſe of Decimals in 
extracting the Cube Root. 

What is the Cube Root of 32934168093464 ? 


Thus the Cube 
3 | 
32 
3 
2 32 
= hes © 
8 8 
2 1 
3 3.8 
© SW 
| HS 
883 
27 23 
64 16 4 
125 25 5 
216 366 |} 
343 49 7 
512 648 
729 81 9 


The whole Operation follows, with the Name of each Line or 


how it ariſeth. 
| 1 


. 32 
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1 -——]The Cube of 3 (1ſt in the Root) deduct. 
279) _5934———The firſt Reſolvend or Dividend. 
28285 treble Root (3). 


32 e — Cube Root ſought. 


n Treble the Square of that 3. 
22 ——— m, or the firſt Diviſor. 
8 | ube of 2, the ſecond put in the Root. 
36 gau. of that 2, multip. in laſt treb. Root. 
2 he treble Square of the Root in 2. 
5758 The Sum of the 3 laſt Lines = a Subtrah. 


= cal 5 The2d Reſolvend, being 166, theRem. 
and 168 carried down to that. 

Treble the Root 32. 

Treble the Square of that Root. 

Sum, or the 2d Divilor. 


The 3d Reſolvend. 


9 Treble the Root 320. 
307200 .- Treble the Square of that Root. 


Sum, (or the 3d Diviſor) 


| 

| 125' ube of ; (laſt put in the Root.) 

| 2 4000 quare of that 5, in the laſt treble Root. 
11 536000 treble Square of the Root ia that 5. 


[1538401025 — Sum, or a Subtrahend. 
308170365) 12327968464|The 4th Reſolvend. 


nnn In 


961 5{T'reble the Root 3205. 
30816075 [Treble the Square of that Root. 


| 308170365 Sum, (or the 4th Diviſor.) 


6 The Cube of 4, laſt put in the Root. 
2 153840 Square of that 4 in the laſt treble Root. 
23264300 Laſt Treble Square of the Root in that 4. 


_ [12327968464] f The Sum (or Subtrahend) which de- 
—o) reſts. L ducted from the laſt Reſolvend, 


The Steps in the Performance of the Work of Extraction of the 


Cube Root are very evident in this laſt Example: For, * 
1. You 


Stor. VI. Of Extract ing the Roots of Numbers. 59 
1. You point over the Figure in Units place, and then over every 
third Figure, which divides the whole Cube Number into 5 Parts; 
which ſhews that the Root will conſiſt of 5 places. 

2. I find that 3 being cubed, produceth 27, (as appears by the 
little Table foregoing) which is the next leſs Cube Number to 32, 
(the firſt part towards the left hand) I therefore put the Root 3, 
in the Cube Root ſought as you ſee, and deducting the 27 from 32, 
che Remainer is 3. 

3. To the Remainer we always bring down the next part, (as 
here 934) and that makes the Reſolvend, which is always the Di- 
vidend, in order to find the next Figure in the Root. 

4. And to find the Diviſor whereby to divide that Dividend, 
you may obſerve that it is always compoſed of the treble Root, 
i. e. 9, and of the treble Square of the Root, viz. 27. 

5. I find I can have 279 the Sum, in 593 (for the 4 in Units 
place of the Reſolvend 5934, you are in this caſe to take no notice 
of) 2 times, which put in the Root makes it 32. 

'6. The next thing is to frame your Subtrahend, which is always 

compoſed, 1ſt, Of the Cube of the Figure laſt put in the Root : 
2dly, The Square of that Figure multiplied in the laſt treble Root: 
And, 3dly, The laſt treble Square of the Root multiplied in the 
faid Figure laſt put in the Root: The Sum of which three Num- 
bers, as the Example plainly ſhews, is the Subtrahend. 
7. The Subtrahend muſt always be deducted from the laſt Re- 
ſolvend, as here 5768 from 5934, and the Remainer is 166; to 
which bring down (as before) the next three Figures (168) and you 
have a new Dividend (or Reſolvend): all the reſt is Repetition of 
the ſame Method of working; except here, that you cannot have 
30816 in 16616, therefore you put a (o) in the — and from 
that 320 (the Root) you make a new Diviſor, which is 3072960 ; 
and for the Dividend, you bring down the 3 next Figures (093) 
to the laſt Reſolvend, and that makes your Dividend 166168093, 
Sc. which is all very obvious in the Example. | 


III. The Extraction of the Biquadrate Root. — 


The Biquadrate Root is the Root of the 4th Power, as the Cube 
is that of the 3d, andthe Square Root that of the 2d Power, accor- 
— to the following Table. | | | . 

hence it appears, that the ſecond Power of any Number is 
the Square of it, or Product 1 any Number by itſelf; the Cube 
2 or 
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464 (32054 — Cube Root ſought. 


The Cube of 3 (1ſt in the Root) deduct, 


The firſt Reſolvend or Dividend. 


The treble Root (3). 


Treble the Square of that 3. 
Sum, or the firſt Diviſor. 


} 


— 


* 
4 
} 
t; | 
. 
= 
| . 
i 
(1 
i | 
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308170365) 12327968464 


ube of 2, the ſecond put in the Root. 

Squ. of that 2, multip. in laſt treb. Root. 

The treble Square of the Root in 2. 

The Sum of the 3 laſt Lines = a Subtrah. 

The 2d Reſolvend, being 166, the Rem. 
and 168 carried down to that. 


Treble the Root 32. 
Treble the Square of that Root. 
um, or the 2d Diviſor. 

e zd Reſolvend. 


Treble the Root 320. 
Treble the Square of that Root. 


Sum, (or the 3d Diviſor) 

ube of 5 (laſt put in the Root.) 

uare of that 5, in the laſt treble Root. 
treble Square of the Root ia that 5. 


Sum, or a Subtrahend. 
The 4th Reſolvend. 


30816075 


Treble the Root 3205. 
Treble the Square of that Root. 


306270365 Sum, (or the 4th Diviſor.) 


12327968404 


e Cube of 4, laſt put in the Root. 
uare of that 4 in the laſt treble Root. 
Treble Square of the Root in that 4. 
The Sum (or Subtrahend) which de- 
ducted from the laſt Reſolvend, 


The Steps in the Performance of the Work of Extraction of the 


Cube Root are very evident in this laſt Example: For, 


1. Lou 


Stor. VI, "Of Extract ing the Roots of Numbers. 59 
1. You point over the Figure in Units place, and then over every 
third Figure, which divides the whole Cube Number into 5 Parts; 
which ſhews that the Root will conſiſt of 3 places. 

2, I find that 3 being cubed, produceth 27, (as appears by the 
little Table foregoing) which is the next leſs Cube Number to 32, 
(the firſt part towards the left hand) I therefore put the Root 3, 
in the Cube Root ſought as you ſee, and deducting the 27 from 32, 
che Remainer is 5. | 

23. To the Remainer we always bring down the next part, (as 
here 934) and that makes the Reſolvend, which is always the Di- 
vidend, in order to find the next Figure in the Roor. 

4. And to find the Diviſor whereby to divide that Dividend, 
you may obſerve that it is always compoſed of the treble Root, 
i. e. 9, and of the treble Square of the Root, viz. 27. 

5. I find I can have 279 the Sum, in 593 (for the 4 in Units 
place of the Reſolvend 5934, you are in this caſe to take no notice 
of) 2 times, which put in the Root makes it 32. 

6. The next thing is to frame your Subtrahend, which is always 
compoſed, 1ſt, Of the Cube of the Figure laſt put in the Root: 
2dly, The Square of that Figure multiplied in the laft treble Root : 
And, 3dly, The laſt treble Square of the Root multiplied in the 
faid Figure laſt put in the Root: The Sum of which three Num- 
bers, as the Example plainly ſhews, is the Subtrahend. 

7. The Subtrahend muſt always be deducted from the laſt Re- 
ſolvend, as here 5768 from 5934, and the Remainer is 166 ; to 
which bring down (as before) the next three Figures (168) and you 
have a new Dividend (or Reſolvend): all the reft is Repetition of 
the ſame Method of working ; except here, that you cannot have 
30816 in 16616, therefore you put a (o) in the Rec, and from 
that 320 (the Root) you make a new Diviſor, which is 3072960; 
and for the Dividend, you bring down the 3 next Figures (093) 
to the laſt Reſolvend, and that makes your Dividend 166168093, 
Sc. which is all very obvious in the Example. 


III. The Extraftion of the Biguadrate Root. ” 


The Biquadrate Root is the Root of the 4th Power, as the Cube 
is that of the 3d, andthe Square Root that of the 2d Power, accor- 
_— the following Table. | | 

hence it appears, that the ſecond Power of any Number is 
the Square of it, or Product - any Number by itſelf; the Cube 
2 or 
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or 3d Power is produced by multi- [4 Table of Powers and their Roots. 
plying the Square of any Number by = 5 r 
its Root; the Biquadrate or 4th Power |g, ©. 5 | 
is diſcovered by multiplying the Cube [f? ® F 5346 
by the Root, as appears in theſe nine 5: 8 8 5 8 8 S 
Examples. 9 2 OE BS ME 3 
But of the Powers of Numbers to |= ge * N 
the 10th incluſive, and the proper [www 
Name of each, you have a full Account e : K 
in the Extraction of Roots in Algebra; 5 ; 1. - 1 
where the Reaſon of that abſtruſe Me- 256 64 16 : 
thod of extracting the Square, Cube, | 625 125 25 5 
 Biquadrate, Surſolid, Sc. Roots, is ful- |1296 216 3 
ly explained from the Algebraical Ca- os by 8 4 
nons for each, both by Numbers and sse 729 81 9 


Symbols. | 

What is the Biquadrate Root of 2998219536? 

The Example, with Rules how each Line is produced, follows. 

1. You ſee that having pointed over Units place, and every 4th 
place afterwards, the Root will conſiſt of 3 places, as there are 3 

ints. 

. You mult conſider what 4th Power in the little Table above 
is next to and leſs than the firſt Part or Branch 29: you ſee 16 is, 
whoſe Root you have there (2); then ſubſtracting the Biquadrate 
16 from 29, there reſts 13. | 

3. To that 13 bring down the next branch or Part 9821, and 
you have 139821 for a Dividend, of which the Units place muſt 
not be conſidered, in aſking how often the Diviſor can be had 
therein. 

4. To find the Diviſor, you ſee it is compoſed, 1ſt, Of 4 times 
the Figures then in the Root (as here 2). 2dly, Of 6 times the 
Square of that: And, 3dly, 4 times the Cube thereof : the Sum of 
which being a Diviſor, 

5. There ariſeth from the Diviſion, 3 in the Root. 

6. You muſt find a Subtrahend, by addin _ as the Di- 
rections againſt the 4 Numbers 81, 216, 4x and 96, do expreſs ; 
and ſubſtracting the Sum from the laſt Reſolvend, there reſts 19980: 
to which bringing down 9536, you have 199809536. The reſt is 
only Repetition of the three laſt Steps, as to Method. 


29 
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29 g821'9 5 36 234 = the Biquadrate Root ſought. 

i . Biquadrate of 2, 1 1 put in the Root. 

— 13 (the Remainer) and 9821 brought down 
3448) 139921 7 to it, being the 1ſt Reſolvend or Drvidend, 


; times the 2 put firſt in the Root, 


times the Square of that 2. 
—— 14 times the Cube of that 2. 
Ihe Sum of theſe 3, a Diviſor. 
Abe Biquadrate of 3, the laſt in the Root. 
times _ * the we of * 5 5 the — 
times the Square of 2, in uare of 3. 
| . — times the Cube of 2, in 3. y . 
AA The Sum, or a Subtrahend to take from 
— 2 . the laſt Reſolvend abe. 
4898632) 199809536]A 2d Reſolvend, or Dividend. 
| 9214 times the 23 in the Root. 
3174 (6 times the Square of 23. 
48668 (4 times the Cube of that 23. 
4898632|The Sum of the 3 Lines, a 2d Diviſor. 
256|The Biquadrate of 4, the laſt in the Root. 
5888 [4 times 23, in the Cube of 4 in the Root. 
50784 |6 times the Sq. of that 23, in the Sq. of the 4. 
194672 f times the Cube of that 23, in the ſaid 4. 
19980953 | Sum = a Subtrahend, which taken from 
| the Reſolvend laſt above, 
(0) remains, 


I know that the Biquadrate Root is the Square Root of the 
Square Root, and conſequently may be performed by extracting the 
Square Root twice. But this ſeems a more natural way to perform 
it, as the Extraction of the Cube, Surſolid Root, &c. may be done 
from Algebraic Canons, and J have inſerted the Method here, becauſe 
to me it is new; for I never ſaw, nor heard of its being done thus 
before: and I was pleaſed when I conſidered it from the. 4th Power 
of a in Algebra, which wonderfully, tho? plainly, points out all 
theſe Rules above, which ſeem ſo intricate, as to be impoſlible firſt 
to diſcover. This Extraction of the Biquadrate Root is o_ in 

| ome 
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ſome Computations of Compound Intereſt; finding 3 mean Propor- 
tionals between 2 Extremes, as in the 5th Head of Geometrical 


Progreſſion, &c. 
1 The Proof of the Square Root (as appears from the little Table 


to it) is to multiply the Root in itſelf; the Proof of the Cube is to 
multiply that Square in the Root; and of the Biquadrate to multi- 
ply the Cube in the Root; for they reſpectively produce the Num- 


ber given to have the Root extracted, provided that nothing re- 
main; and if any thing do, add ſuch Remainer. I 


2D & 8 T6) & 350 475 4, G8 
DIPPED £2 
—— i 


Contains the Application of the Fundamental Parts of 
Arithmetic, to Vulgar Frattions, Progreſſion, the Rules 
. of. Proportion, Practice, Loſs and Gain, Fellowſhip, 

Barter, Exchange, Equation of Payments, Alligation, 
and Rules of Falſe Poſition, in eleven Sections. 


| SRT. I. Of Fulgar Fractions. | 

I %@ TOTATION and Numerution,] Teacheth what a Fra- 
£3 ction is, and how to read or write down any one. 

1 By a Fraction here is meant a broken Number, that 
is to ſay, one or more Parts of a Unit; for as there is Infinity 
or Units, ſo a Unit may be, or be ſuppoſed to be, divided. into 
any Number of Parts. | | | 

A Fraftion confifts of two Parts, a Denominator, and a Numera- 
ter: The former fhews how many Parts the Unit is divided into, 
which is wrote below the Line; the later ſhews how many of thoſe 
Parts are contained in the Fraction, which is wrote above the 
Line ; a 
3 of 
8 
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5 of a Pound Sterling, or 7 5. 6 d. here g n 


And theſe 2 Parts are called the Terms of a Fraction. 
Or, to be more plain yet 


the Line (ab) repreſents 1 or a 32 4 4 378 8 
Unit divided into 8 parts, and | 1.] | | U 
doth repreſent the ſaid Deno- 4 c mn o Þ 6 


minator of the Fraction given 
and the Line (ac) is 3 of thoſe 8 Parts; (am) = 4 _—_—_ or To 4 
(a0) g (4p) =, 181 

Having thus ſhewn 24 


what a Fraction is, | A Tabh i 
of Simple Fractions. 
u are next to know * 
ow to read it; and 12 Read 4hus, 
that 1s, by firſt men- 5 1—[—12th, wrote thus 3 Oue Twelfth. 
r 2——12zths,.—— 2, — Two Twelfths. j 
23 #27 |—12ths, —— A Three Twelfths. 
5 4—] —12ths, — d — Four Twelſths. | 
Denominator. As by _ * — 188 Fes! . | 
this Example you ſee —|—12ths, — £ — Six Twelfths, | 
where 1112th of the B= Cie —— 2 Fir Twelfihe 
is wrote thus , and 10— rats, — bien — 
read One Twelfth, 1 en Twelfths, 
* 12— —12ths, — — +* or 1 Twelve Twellths. 
Sc. f = 2 Twelfths, 5 


Sc. But the Line 
ight more commodiouſly be made downright, and then F ractions 


would ſtand as in the Examples next the left hand, whereby a Line 
in Printing might often be gained, if h were wrote 1J12; 4, 
212, Sc. But let Cuſtom have its own way ; and then Fractians 
are wrote and read as in the foregoing Tabulet, and by the ſame 
Rule 37 is ſeventeen 25th Parts; s is 365, ſeventeen hundred 
and 28 Parts; that is, if a Unit were divided into 1728 Parts, 
this Fraction does contain 365 of thoſe Parts. 
Bur there are various kinds of Fractions, as Proper, Improper, 
Simple, and Compound. 
A Proper Fraction is one whoſe Numenttor is leſs than the 


Denominator, as thoſe above. 
An Improper Fraction is when the Numerator | is greater or e- 


qual to che Denominator, as 3, , &c, 


Y A Simple 
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| A Simple or Single Fraction, as any of thoſe foregoing is imme- 
= diately the Fraction of a whole Unit. But | 
| A Compound Fraction, is-a Fraction of a Fraction, or Part of 
another Part of a Unit, as + of +, or + of , Fc. and is illuſtrated 
in the following Examples. 


be ſo obſervable as the Nature of | —|- — of & 
the Compound Fraction; for here 0 


Where the whole Line (Iz) is A Table of Compound |} 
divided into 10 equal Parts, and Frattions. 
each of thoſe are ſubdivided into p * 
two Parts: ſo that ſuppoſing the | | : 
Unit (In) to be 1 l. each 1oth is SK a "5 8 4) 
2 5. and every half of a 10th is 15. 1-1 r—.!— 2 
ſo that i; of & is a Fraction of a — 81 7 — 3 
Fraction, whoſe Value is 13 . But ——— 1 f — 
the Value here is not intended to 3—[—10 Oral A! 
8 
pm 
O 


i» is ww of the Line Ia, and 4+ of I® * is of ts ; 

1 is 135. for 5 is 23. and conſe- 10 
quently w is 14 5. and 44 of 145. 6—[—10 — 12 
muſt needs be 13 5. Sometimes you een 
have a Fraction of a Fraction of a 468 PLUG . 13 + 
Fraction, Sc. of a Unit, as 1 Far- . | 8-[ſ—-o _ — — iis 
thing is 4 of * of + of a Pound, ——— of > — 17 
Cc. TY, e 


—— — 43 of 18 — 19 


Having thus ſhewn what a Fra- » UE 


ction is, and how to read the ſame, * 
1 proceed to 


II. Reduction of Vulgar Fractions. 


This Rule muſt neceſſarily be taught before Addition and Sub- 
ſtraction, becauſe they cannot be performed till the Fractions given 
to be added or ſubſtracted, are fitted by Reduction for that pur- 
poſe. | * | 
Caſe 1. To reduce a mix d Number to an Improper Fradtion. As for 
Example 12 4. x 

Rule.) Multiply the intire Part by the Denominator of the Fra- 
ction, and to the Product add the Numerator (3), and the Sum 

| x 1 placed 
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placed over the Denominator (7) is the Anſwer, and will ſtand 
thus 7. | 
; Caſe 2. To reduce an improper Fraction to a whole or mix'd Number. 
Example, reduce . . 

Rule.) Divide the Numerator (87) by (7) the Denominator, and 
the Quotient is the intire Number, and the Remainer (3) is the 
Numerator to place over the Denominator (7); ſo the Anſwer is 
12+, and proves the firſt Caſe true. And by the ſame rule is 
=7;; is = 123; is 9; ff is 4, &c. 

Caſe 3. To reduce Compound Fractions to Simple. 

Example. Reduce 4 of + of ;; into one ſimple Fraction. 

Rule.) Multiply the Numerators together for a new Numerator, 
and alſo the Denominators together for a new Denominator, and it 
ſtands thus F#; or this Is 1 of 3 or rs, by changing the Parts of the 
firſt and ſecond Fractions, and omitting thoſe which are the ſame 3 
(as 3 in each) and 43 of z of N of f is . | 

The Truth of this Rule is eaſily proved from any ſelf-evident In- 
ſtance, as 1 of 3 of a Pound Sterling is 6 3. 8 d. ſo by the Rule it 
is 3, Now 8 being 3 5. 4d. 8 muſt be 6 5. 84. or 1 of f is: And 
if the Parts be changed, and the two of a ſort be omitted, it proves 
the ſame; and the Reaſon is plain, for the Terms of a Fraction 
multiplied by the ſame Number, does not increaſe or alter the Value 
of ſuch Fraction, 

Caſe 4. To reduce a Fraction to its loweſt Terms. 

Example. Reduce to its loweſt Terms. 

Rule 1.) Divide the Parts of the Fraction by any Number that 
will divide both without a Remainer : ſo this 2 is reduced to 7, 
for Anſwer. 

Rule 2.) Divide the greater by for 4} divided by 3 is :?, and 
the leſſer Part of the Fraction, and +} divided by 3 is i 
if any thing remain, divide the . * 
laſt Diviſor by that; and if an 360 45 (1 


thing yet remain, divide the —— 
Diviſor by that, till nothing re- 9) 36 (4 
main; and then the laſt Diviſor — 
divideth both Parts of your Fra- 0 


ction, ſo as to reduce it to its 

loweſt Term. See the Work in the Margin, where 9 the laſt Diviſor 
reduces 3+ to t; ſo 2877, is 144; *#is 3; and 335 is 5, and 1385 is 
7, 35 dividing both Parts of the Fraction ; found as per the 2d Rule. 


K The 


—. 
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The Truth of this Rule : That a Fraction reduced to its loweſt 
Terms is of the ſame Value with that given, is thus proved; & of 
a Pound in its Joweſt Terms is + of a Pound, or 13s. 44, And 
i of a Pound being 20 d. 8 times that is 13 5. 4 d. a 

Caſe 5. To find the Value of any Frattion of Weight, &c. 

Example. What is the Value of 4 of a Pound Averdupois ? ' 

Rule.) Multiply the Numerator of the Fraction by fuch a Num- 
ber of Units of the next leſs Denomination, as is to a Unit of 
that name which the Fraction is of, and divide the Product con- 
tinually by the Denominator, and the 1 Quotients anſwer 
your Queſtion. See the Work of the following Examples. 
Example 2. What is the Value of 381 Example 1. to Caſe 5. 
of a Pound Sterling ? 331 Pounds wrt. 
16 Ounces in 1 t, 


17 Numerator — 
20 Shill. in x I. Nut 1286 
2 


260340 (13 5. . 
15 42) 496 (11 Ounces, 
80 — 
— , = ; 76 
2 remains Sh, — 
. Mult, IS 
2 Pence in Fi. 34 remains. 
= g 16 Drams in 1 Ounce 
26)24(0 d. — multiply. 
4 Farth. in 1 d. Mult. 204 
— 34 
26) 96 (33 Farthings. — | 
— , 42) 544(12 Drams; 
3 * 
124 
40 remains to place 
So the Anſwer is over the 42. 
1. — : 
36023 5 So the Anſwer is 
| Oun. Dram. 
11: 12 $$ or . 5 


And by the fame Rule any other F raction of Money, Weight, 
Meaſure, &c, hath its Value found, | 1 
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The Truth of this Rule is manifeſt; for ſuppofe } of a Pound 
Sterling we know is 17 5. 6 d. or 7 Half Crowns; and it will ap- 
pear to be ſo by the Rule, if work'd as the two Examples above are, 
Caſe 6. To reduce Frattions of different Denominators to thoſe of the 
ſame Value, which bave 4 Common (or one and the ſame) Denominator. 

Example. Reduce 5, +, and F to a common Denominator, 

Rule.) Multiply the Denominators one in another for the common 
Denominator, as 9 times 7 is 63, and 5 times 63 is 315 = the com- 
mon Denominator. 

Then for the 3 new Numerators, multiply every Numerator into 
all the Denominators except its own, and the Product is a Nume- 
rator anſwering to the Fraction whoſe Numerator you multiplied : 
as the Numerator 2 in 7 and 5 produceth 70, ſo is #55 equal to 5. 
Then 3 multiplied in 9 and A 135, ſo is 333 equal to +, 
And laſtly, 4 multiplied in 7 9 is = 252, fo is $5; equal to F. 
So the 3 new Fractions have each the ſame Denominator, and are in 
value the ſame as thoſe given. So alſo à and Fare = i and H ; 
} and + are A, and H, Ge. 

The Truth of this Rule will be evident by reducing any of the 
Fractions which have the ſame Denominator to its loweſt Term, 
and that you'll find the primitive Fraction given: as #5 in its 
loweſt Term is 3 = the Fraction given, and ſo of all the reſt. 

This Rule ought to be well minded, it being of principal Uſe in 
Addition and Subſtraction of Fractions. 

Caſe 7. To reduce Fraftions of a ſmaller Denomination to Fraftions of 
4 greater. 

Jana. What Fraction of a Pound Sterling is + of a Farthing? 

Rule.) Conſider that + of a qr. is + of 4 of © of of a Pound: 
then reduce this compound Fraction to a ſimple, by Caſe 3. and 
you'll find it 5; of a Pound. And by the ſame Rule +3 of an Ounce 
is £4, of a Pound, c. | 

The Truth of this appears by the next Caſe. 

Caſe 8. To reduce Fraftions of a greater to a ſmaller Denomination. 

Example. What Fraction of a Farthing is s of a Pound Ster- 


ling ? 

Nals Multiply the Numerator of the Fraction by fuch a Num- 
ber of Units of the lefler, as make one of the greater Denomination : 
So here 960 Farthings making 1 J. I multiply the Numerator 3 in 
960, and place the Product S a Numerator to the Denominator of 
the Fraction given, which makes the Anſwer 3148 of a Farthing ; 
which Fraction in its loweſt _ is 3, and proves the laſt Caſe 7. 

2 co 
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to be right. And e tb Averdupois is 184 of an Ounce, which in 
its loweſt Term is 18, as above, So that theſe two Caſes 7 and 8, 
prove the Truth of each other. | 


ITE Addition of Vulgar Frafions. 


Example 1. What is the Sum of & and 3? 

Rule.) Reduce the Fractions to the ſame Denominator by Caſe 6. 
of Reduction, (which you'll find 3% and 34.) Then add the Nu- 
merators 56 and 36 make 92, which placed over the common De- 
nominator 96 is 33, the Anſwer, or 44. 

The Truth of this, &c. is thus proved: Suppoſe the given Fractions 
be of a Pound Sterling; 7 12ths (or 7 times 20 d.) is 11 5. 8 d. and 
3 of a Pound is 7 5. 6 d. the Sum of which is 19 3. 2 d. which you'll 
find to be the Value of the Anſwer za, by the fifth Caſe of Re- 
duction of Fractions. 

Example 2. What is the Sum of 3, and 8 of of 3? 

Rule.) Firſt reduce the compound Fraction z of; or 4 of 5 to a 
ſingle Fraction, which you'll find % or 35 to which add the }, 
as per Example 1. and you'll find the Sum 3438, or 46, (the Anſwer 
by Caſe 3. of Reduction.) | 

Example 3. What is the Sum of 174 and 5 of 4? 

Rule.] The compound Fraction in a ſimple is a, which added to 
the Fraction part of the mixt Number, maketh 28, which by the 
ſecond Caſe of Reduction is 148 or 14; which added to 17, gives 
the Sum 184. The Truth of which is proved by ſuppoſing 174 to be 
17 5. 9 d. and 5 of & to be ſo of a Shilling, which is 64, the Sum of 
which is 18 3. 3 d. or 184, as above. FH 


IV. SubſtraFion of Vulgar Fradions. 


Example 1. From 38 take ;. | 
Rule: The Fractions in a common Denominator are 34} (equal 
to 3+) and 9 (equal to 3) therefore 288 deducted from 736, the 
other Numerator, the Remainer is 448; ſo the Anſwer is 723 
(which in its loweſt Term is m, and proves the firſt Example in 
Addition of Vulgar Fractions). And this Remainer (as in Whole 
Numbers) add to the Subtrahend 8, gives the Sum 34, which proves 
(that way alſo) this and the firſt in Addition of Vulgar Fractions 10 
be truly performed. 

Example 2. From 34443 take 5 of ? of ;. 

| Rule.] 
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Rule] 1, Reduce the compound Fractions to a ſingle, which 
you'll 24 b the third Caſe in Reduction to be N. gle, 

2dly, Reduce 33% and % to one and the fame Denominator by 
the ſixth Caſe of Reduction, which are 2% (equal to 444) and 
2 (equal to 5%.) e <tade 

34ly, Deduct the Numerator 176400 from the other Numerator - 
938448, and the Remainer js 762048 : ſo the Anſwer is W. 
And that in its loweſt Terms (by the fourth Caſe of Reduction) 
you ſhall find 4, by dividing each part of the Fraction by the com- 
mon Meaſurer or Diviſor 254016. And this proves not only the Truth 
of the ſecond Example in Addition, but alſo that this Example is rightly 
performed. ; 

Example 3. From 184 take J of f. | 

Rule. ] 1ſt, Reduce J of ; to 1 Fraction as before, which is . 


2dly, Reduce i and 4 (the Fraction- part of the mixt Number 
given) to a common Denominator, which are 43 (equal to 3) and 
48 (equal to 4.) 

3dly, Now you ſhould take 28 from 43, but you cannot, as be- 
ing leſs; therefore borrow 1 or 4 from the 18, will leave 17. 
Then add 23 to the 38 makes $, from which take the 18, and 
there remains 18, which in its loweſt Term is +; fo the Remainer 
or Anſwer is 174, and proves the third Example in Addition. Byt 
this is done ſhorter by omitting the Numerators and Denominators 
which are the ſame Digits as 5 of + is 4 or 3, &c, as under Caſe 3. 
of Reduction. 

Which 3 Examples in Subſtraction, and thoſe 3 in Addition, do 
mutually prove each other, 

And thus I have given as many Examples as are neceſſary, in 
order to the perfect underſtanding of Addition and Subſtraction, 
which will prove very eaſy, (as they are ſo plainly expreſſed) eſpe- 
cially to ſuch as have a due knowledge of Reduction of Vulgar 


Fractions, I ſhall therefore proceed to | 


V. Multiplication of Vulgar Frafions, 


Example 1. Multiply * by #. 

Rule.) Multiply the N together for a new Numerator, 
as here 7 by 9 is 633 and the Denominators together for a new 
Denominator, as 15 by 10 is 150: ſo that d is the Anſwer. 


Example 2. Multiply + of 5 by 3 of ;. 


Rule.] 
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Rule.) Work as before ; for the Product of 5in2 in 7 and in 8, 
is 560 the Numerator; and 7, 3, 8, and 9 together, gives 1512 : 
ſo is n the Anſwer, or 435 in its loweſt Terms, 

Example 3. Multiply 25 by &. . 

Rule.) The whole Number wrote Fraction-ways is , which 
multiply as by the Rule 1. and the Product is 175, (of the Nume- 
rators) and that of the Denominators is 12: ſo the Anſwer is N, or 
by the ſecond Caſe of Reduction 145. x 

Thus you ſee in Multiplication of Fractions the Product is leſs 
than one of the Factors; and *tis ſo much leſs, as the Numerator 
of the Multiplier is leſs than the Denominator, (in this Example) 
or ſo much as 7 is leſs than 12 its Denominator : for if the Numera- 
tor 7 were 12, it is plain that ++ (as is ſaid before) is 1, and 1 time 
25 would be 25, which would make the Product equal to the Mul- 
tiplicand; and therefore as 7 is leſs than 12, ſo muſt the Product 
1400 be leſs than 25. 

Example 4. Multiply 348 by 1333. 

Rule.] Reduce both the mixt Numbers to improper Fractions, 
and then proceed as by the firſt Rule in Multiplication of Fractions, 

Thus 34 8 is 7, and 13H is n, and the Product of the Nu- 
merators 279 and 167 is 46593, and of the Denominators (96) ſo 
the Anſwer is , or 48584. 


| VI. Divifion of Vulgar Fractions. 
— w I. Divide 5 by . | 
J Place the Fractions as in the Margin; 

then multiply the Numerator of the Divifor G5) „(d 
by the Denominator of the Dividend, and the Product is 1050, the 
Denominator of the Quotient. And the Denominator of the Divi- 
ſor in the Numerator of the Dividend produceth 945, the Nu- 
merator of the Quotient; which is therefore 24%, in its leaſt. 
Terms : And proves the Truth of the firſt Example in Multiplica- 
tion of Vulgar Fractions. 

Example 2. Divide 14%, by 25. 

Rule.) Reduce the mixt Number to an improper Fraction, and 
put a Unit under the 25, then work 
as per the laſt Rule, and as in the Divi. Dividend Quot. 
Margin. Where you ſee the Quo- 35) 1480 or (433 or xe 
tient is 333, or in its leaſt Terms is 11 
iz. And this proves the Truth of Example 3. in Multiplication, as 
that proves this true. | | 


Example 
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Example 3. Divide 485 by 13H. | 

Rule.] Reduce the mixt Numbers to Fractions, and have 

to 48537 = the Dividend, = 131 = the Diviſor, 
and Yy%? = the Quotient; which 
being reduced to a mixt Number, is Ip (24 (41.264.8 
34, or 343, the Fraction being in 
its loweſt Terms, (dividing each part by or 34 = the Anſwer, 
the common Meaſurer 2004). | 

And this manifeſtly proves the Truth of the 4th Example in Multi- 
plication of Fractions. 

I have in the Merchant's Magazine ſhewn the Reaſon of all the 
Rules abovementioned, for Reducing, Adding, Sc. Vulgar Fra- 
ions; and have not room to repeat that here: but have fully 
ſhew'd how one Rule proves the Truth of another, which is a good 
Demonftration of the Genuineneſs of all. 


VII. To Extract the Roots of Vlgar Fraftions. 


Rule 7 You muſt always reduce your Fraction into its leaſt 
Terms n Terms, it 
can be ſo in its loweſt. Tho' when you can ſee, as ſometimes it 
happens, that the Roots may be immediately extracted of the 
Fraction in the Terms given, then you need not reduce it to its 
loweſt. Thus for 

Example, The Square Root of the Fraction 1 is = E, the 
Anſwer = 3. And if the i had been reduced to its leaſt Terms, 
would have been = #3, whoſe Square Roots are 3, as before. 
xample 2. When the Square Root of a mixt Number is required, 
as ſuppoſe of 564; reduce the mixt Number to a Fraction, and 
— Root of both Terms as before: fo 361 is = , 
Square Root is * = 73 the Anſwer, (for the is given in its 
leaſt Terms) and if you multiply 71 by 75, the Product is 564 for 
Proof. But 

Note, That when a Fraction is given, whoſe Root cannot be 
extracted without Remainer, you muſt reduce it to a Decimal, and 
proceed to get the Root thereof, as per the Rules and Examples at 
the End of Decimals ; or it may in moſt Caſes be done near enough 
by Logatithms, as at the end of Se. 3. of Chap. VI. 

II. To extract the Cube Root of Vilgar Fraftions. Reduce the Fra- 
ction to its leaſt Terms, and then extract che Cube Root of each 
for thoſe of the Root, unleſs you can ſee that the Roots may be 

immediately 


— _ 
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immediately extracted of the Terms given. For Example, to get 
the Cube Root of , this Fraction in its leaſt Terms is , 
whoſe Cube Root is 3. Or if you had done it without reducing to 
its loweſt Terms, the Roots of the Terms given would be 9 and 
15, or 5, which is equal to 3, as before. * 
For the Root of a mixt Number, reduce it to an improper Fra- 
ction, and proceed as by the laſt Example. But when the Root 
cannot be accurately enough extracted without trouble, you may 


proceed by Decimals, or Logarithms, as is faid above. 


Note, That the Uſe of the Square and Cube Roots you have 
partly in the two next Sections. : | 


VIII. The Application or Uſe of Vulgar Fractions. 


Queſt. 1. Two Bags contain 4703 Dollars, but the greater ex- 
ceeds the leſſer 32 4 Dollars: how much is in each Bag? 

Rule.] Subſtract the Difference from the Sum, and there reſts 
438 Dollars; half of which is 219286, the Content of the leſſer 
Bag; to which add the Difference 32:3, and the Sum is 2813835 
Dollars in the greater Bag: The Sum of which for Proof is 4705. 

Beſt. 2. A Brick-Wall contains 17923+ ſquare Feet on the Su- 
perficies; how many Rod is that of 2724 Feet to the Rod ? 

Rule.) Divide 17927+ by 2723, and the Quotient is , or 
635523 Rod for Anſwer. 

Queſt. 3. In 8463 Pole, how many Yards of 53 Yards to the Pole? 
* _ Multiply the one by the other gives the Anſwer 4655 & 

ards. | 
Queſt 4. What is the Value of 87 C. — f 13 that 1 J. 95. per C? 
Rule.) The Weight is 87 mn C. or ] C. the Money is 28 J. 
multiply the Fractions together gives 1281 l. which by the fifth 
Caſe of Reduction of F — = 126 J. 65. 4 d. 1 4. | 

Queſt. 5. If I give J. 126: 6: 4: 1 *for87 C. o g. 13 th of Sugar, 


what is that per Hundred weight of 112 per C? 


Rule.) Divide the Money (as 1264535) by the Weight 87 C. 
and the Quotient is exactly J. 1 : 9 : —, the Anſwer. 

And this proves the Truth of the laſt Queſtion. 

Nueſt. 6. What is the Product of 5 5. 7 d. by 7 s. 5 d? 

Rule.) Multiply 5 s. by 7 . (the Pence being ſo many 12ths 
of a Shilling) and the Product is 41: Shillings, or /. 2: 1: 4 : 34. 

Queſt. 7 Divide J. 2: 1 : 4 : 31 by 7 Shillings, (or 7 5. 5 d.) The 
Arſt, in a mixt Number is 41: 5. which divided by 12, (41 4 

| being 
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being firſt reduced to an im r Fraction) the Quotient is 215 
or 30h f. This: proves the laſt 5 5 to be truely wrought. | 
Queſt. 8. What is the Product of J. 5 : 7 : 10% multiplied in itſelf? 
Rule.] Reduce the 7 5. 104.4 into Farthings, and thoſe Far- 
things into the Fraction of a Pound by the ſeventh Caſe of 
Reduction of Fractions: then you have J. 5333 to ſquare, (or 
multiply by itſelf) which produceth J. 29: 1: 7 : 2 Kn, the An- 
1 
I ſhould not have inſerted this and the ſixth Queſtion above, but 
that there is much noiſe (tho? little real Uſe) of them; ſome Per- 
ſons being deceived by thinking to anſwer them (for example ) by 
reducing in the 6th Queſtion the 55. 7 d. into Pence, and multi- 
plying * by the Pence in 7 5. 5 d. and then reducing the Pence 
550 the Product into Shillings or Pounds by dividing by 12, Sc. But 
this way gives 12 times the Anſwer; becauſe, as appears, the Pence 
ſhould be divided by 144, or 12 times 12 = the Product of the 
Denominators of the Fraction. And ſo in the laſt Example they 
will divide the Farthings in the Product of thoſe in the Number 
iven multiplied in itſelf by 960; whereas it ought to be divided 
5 the Square of that, viz. 921600, / _ 
On the contrary, others think to perform the Work of the ſixth 
ueſtion by reducing the 67 and 89 Pence to the Fraction of a 
Pound, multiplying- i by . But here *tis plain the Anſwer 
will be ſo much too little, as e J. is leſs than $3881, i. e. it will be 
but +> of the true Anſwer. | 
Hence it appears, that ſuch Queſtions are only naturally and ac- 
curately reſolved by Fractions, as in the ſaid Examples; for which 
reaſon I have given thoſe two above in this part of the Uſe of Fra- 
ctions, but hope the ingenious Reader will excuſe this Digreſſion 
on fo trivial an Inſtance, * 


\ 


SxcTt, II. PROGRESSION. 


THIS Part of Arithmetic, tho* neglected both by many Authors 
of Arithmetical Tracts, and Teachers of the Science, is 
however of excellent Uſe, as ſhewing in a great Variety of In- 
ſtances the wonderful Power and Harmony of Numbers, and their 

Relation one to another. 
AY Relation of Numbers is either Arithmetical or Geome- 

Trical. 

L f I. Aritbmetical 
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I. Arithmetical Progreſſion, or Relation of Numbers, is when a 
Series thereof differ by the Addition af ſome l- to the * 


ſecond, Gg. o theſe Numbers, uber an eim A Mete 
4 Cas, 2 dab 9A | 
o ole 1 2 4 5 6 75 8 f 10 11 1 r2; Ge. _— ? 
2 4 8 10 12 14 16 156 20 22 14, 2 A1 5041 


3 6 9 12 15 18 27 24 2% 30 33 36, Sr. 


Each of thoſe in the firſt Series or Row differ by, each of thofe 
in the ſecond Series by 2, and in the third by che common Addi- 
tion of 3. And a Series of abundant Nanda are 30, 45, 54. 66, 
Sec. which differ by 12. Now, Id 
1. To find the Sum of any of the Series, you muſt mnultigly half the 

Sum of the firſt and laft Terms by the Number of Terms; or 
half the Number of Terms by the Sum of the firſt and laſt, and 
the Product ives the Sum required. * 

Thus I ad 12 is 13 by 6 {half the Terms) gives 78 the Gran: | 

2 and 24 is 26 by 6, gives 136 the Sum of the 2d Series. 
3 and 36 is 39 by 6. gives 224 the Sum of the 3d Series. 
And the like i is to be obſerved in ſumming up any other Rows of 
N oy, tho* never ſo large, or however ering, 1 1 
cal continued. 
20K It may be obſerved, ivittibe perl gere Thins Lines 
able or any other of equal Numbers of Terms, beginning with 
ſucceſſive Digits continued, do differ alſo in Arichmetical Propor- 
tion 3 176. — Difference being the Sum of the firſt Series, as 
78, >» 234, c. wy 
Prion, f Hom many Strokes does” nh 3 of a Clock 
the 12 Hours? This is done as the firſt Example above, 
the — being 78, and would have been the ſame had you mub 
tiplied half the firſt and laſt, viz. 63 by 12, the whole Number of 
Terms. 

Queſt. 2. Admit a Boy is to collect 100 Apples, which lie a Yard 
diſtant from each other, and to put each of them ſingly into a 
—_—_—— Yard: Wong ths firſt ; how th Yards does he 

8 
ken the firſt Team i is 2 » Yards, Fog laſt 1000 (to. the laſk A 
and back to the Baſket) Sum 202, which multiplied. by 30, ( r 
the Number of Terms) produceth the Sum of the Yards paſſed by 
* which is 10100, 9 of five Miles. 


» 
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- » Queſt. 3. How many Feet does * K 2 | 
an Heavy Body fall in 11 Se- The Seconds Abl. Feet an heavy 2 
conds of Time, ſuppoling it to 4 Bod E Body falls in 
fall 16. Foot the firſt Second; g fall. 7 97 each Second. 
times that the next Second, 1 „nl 16 
times that che 3d Second, Sc. 2 82 1 Well 
as in the Example, (or by con- 3 5 80 
tinually add ing 32 to the firſt 4 7 112 
Term) the rith Term is 336 5 9 144 
Feet, which the Body falls in 6 900) t ; £1 I90CE 
the 11th Second; (ſo igious +: + 18 208 
is the Increaſe of the Velocity) 8 15 „a 
and if + the laſt and firſt toge - 9 17 272 
ther be multiplied by the 11, 10 19g 304 
the Sum of all the Feet that it 11 21 336 
falls is 1936. ( | 
Thus if you would take the Depth of a Well, or the like, ſup- 
poſe by a Watch that vibrates Quarter Seconds, I find a Stone 44 
Quarters or 11 Seconds in falling as above, the Depth of ſuch a 

ell, Sc. is found 1936 Feet. > | 

And in this Progreſſion 'tis plain that any of the Terms are found 
without the intermediate, ——— 16 by double the number 
of Seconds leſs 1. Thus I find chat it falls in the 8th Second, 240 
Feet, by multiplying 16 by 13. Cw v1 

3. To find a mean Arithmetical Proportional between any two Num- 

bers, Take half the Sum of the 2 Numbers or Extremes for Anſwer, 
as in the Examples above; or add half the Difference to the leſſer. 
A Mean between 9 and 11 in the firſt Line is 10. | 
| 20 and 24 in the 2d Series is 22. 
g 27 and 33 in the 3d. 30, c. 

4. The common Difference and Number of Terms given to find ihe laſt 
Term, Thus in the 2d Series the Number of Terms (12) being 
multiplied by the common Difference 2, gives 24, the laſt Term, 
Sc. or in any Series multiply the Number of Terms leſs 1 by the 
common Difference, and add the firſt Term. | 

5. Any 2 Numbers ſtanding together given to find a third, &c. Take 
their Difference, and add to' the ater, gives the 3d, &c. Or 
ſubſtracted from the leſſer, gives the leſſer Terms, as in the third 
Series 21 and 24 are given to find the 3d Term; the Difference is 
— added to 24 gives 27, the next Term higher; or ſub- 

cted from 21 gives 18, the next Term lower. . 
L 2 6. 7 


1 
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6. If any four Numbers are in Arithmelical Proportion, whether 
 ontinued or interrupted, the Sum of the two middle Numbers are e- 
qual to the Sum of the two Extremes. Thus 
In the firſt Line 7, 8, 9, 10; 7 and 10 are equal to 8 and 9. 

Alſo in 7, 8, 14, 15; 7 and 15 are equal to 14 and 8. 

And in the 3d Line 12, 15, 18, 21; 12 and 21 are equal to 15 
- - and 18, N. 

7. If three Numbers are in Arithmetical Proportion continued, the 
Double of the Mean is equal to the Sum of the two Extremes, as 
12, 15, 18; 2 times 15 is equal to 18 and 12. f 

8. If three Numbers are given, a fourth may be found by adding to- 

- gether the 2d and 3d, and from that Sum ſubſtracting the firſt, as 
in 14, 15, 16, the Sum of 15 and 16 is 31, from which take 14, 
-and the Remainer is 17, the 4th in Arithmetical Proportion ; and 

this alſo holds, tho* the Progreſſion be interrupted, as 14, 15, 25, 26. 

9. The Total of the Progreſſion, and the firſt and laſt Terms given, 10 
find the Number of Places; divide the Total by half the Sum of the 
firſt and laſt Terms, and the Quotient is the Number of Terms or 
Places. | 

10. The laſt Number and common Difference given, to find the Number 
of Terms ; divide the laſt Number by the Exceſs or common Diffe- 

11. The Sum of the Progreſſion, and the firſt and laſt Terms given, to 

find the common Difference. Divide the Total of the Progreſſion by 

half the Sum of the firſt and laſt Terms, and the Quotient is the 

Number of Terms. Then from the laſt Term take the firſt, and 

the Remainer divide — Number of Terms leſs 1, and the Quo- 

tient is the Exceſs or Difference ſought, as will appear by any of 
the three Series's above. | 

The Reaſon of the. Rule for ſumming up an Arithmetical Progreſſion. 
According to the 3d Propoſition laft above, halfthe Sum of the two 
Extremes is an Arithmetical Mean; and a Mean between the firft 
and laſt Terms of a Progreſſion, according to the ſame Rule, is 
found by the firſt Propoſition ; and ſince is a Mean between 
the extreme Terms, therefore that being multiplied by the Num- 
ber of Terms, muſt neceſſarily give the Total of them all. 

Or more plainly : Take any odd Number of Terms in the three 
Series's above, and you'll find that Term ſtanding in the middle to 
be the Mean, according to the ſaid 3d Prop. Thus in the ſeven 
firſt Terms in the ſecond Series, the Mean (or middle Number) is 
8, there being three on each fide ;. ſo-that one with W cach 

Term. 
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Term is 8, as you'll find it: for 6 (the next towards the left hand) 
is 2 leſs than 8, but then 10 (the next towards the right hand) is 
2 more than 8 and 4 (the 2d towards the left hand from the 8) 
is 4 leſs; than 8, but then 12 (the ad toward the right hand from 8) 
is 4 more than $.; ſo laſtly, 2 (the 3d toward the left hand from 
the 8) is 6 leſs than 8; but then 14 (the 3d toward the right hand) 
is 6 more than 8. So that nothing is more plain, than that each 
Term (one with another) being 8, that multiplied by the Number 
of Terms muſt give the Sum of all the Terms (or Fights ): ſo the 
Sum of 7 of the Numbers of the 2d Series aforeſaid is 56 (or 7 times 
$). And ſo of any other Series, grounded on the firſt Prop. above. 


Geometrical Progreſſion. 


This is when a Series of Numbers are increaſed by a continual 
Multiplication of the firſt Term, and the Products ariſing, by ſome 
certain Number called the Ratio or common Factor: as 

1; 2, 4.816, 32, 64, 128, 256, 512, 1024. 
3, 9, 27, 81, 243, 729, 2187, 6561, 19683, Sc. 
4, 16, 64, 256, 1024, 4096, 16384, 65536, Sc. 

Prop. 1. To ſum up any Series of Numbers, whoſe Relation is 

in a Geometrical Progreſſion. 


wWecr firſt Way to find the Total of a Geometrical Progreſſion. 


Rule.) Multiply the laſt Number by the common Multiplier. 

2dly, From that Product deduct the firſt Number. | 

3dly, Divide the Remainer by the faid Multiplier leſs one; and. 
the Quotient is the Sum ſought. 

The Example ſhall be in the finding the Aggregate of the middle 
Series above, the laſt Number whereof is 19683 ; which multiplied. 
by the common Multiplier is 59049, from which take the firſt 
Term of the Progreſſion (3) reſts 59046, which divide by the ſaid 
Multiplier leſs (1) viz. by 2, and the Quotient is 29523 = the 
Sum required. 


Te ſecond and much briefer Way to find the Total of a Geometrical Pro- 
reſſion, without many of the intermediate Terms, or the laſt Term 

eing given. | | 
Confider that in the Series of the laſt Example or middle Series 
there are 9 Terms; therefore if you multiply the ;th (or 243) by it- 
. | £4 : | 18 elf, 


- . 
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ſelf, it will at once produce the 59049 as before, (which would be 
the toth Term, if the Progreſſion had run fo far) whence the Sum 
is found as above.” Fer ; 8 nat) morn « 

Note 1. That when the Number of Terms are odd, and the firſt 
is above a Unit, the Square of the middle Term gives that next 
above the laſt Term, as in the laſt Example. 

Note 2. If the Number of Terms be odd, and the firſt Term be 
but a Unit, then the Square of the middle Term gives the laſt 
Term of the. Progreſſion, as in the firſt Series the Square of 32 is 
the laſt Term = 1024. * n (> CUFF 

Note 3. If the Terms be an even Number, and the firſt Term be 
One or Unity ; then the Square of the Sum in the place of half the 
Number of Terms gives the laſt Term fave one: as in the 10 firſt 
Terms of the firſt Series, the Square of the fifth Term (16) gives 


256= the laſt of the 10 Terms but one. 
Note 4. If the Number of Terms be even, and the firſt Term be 


more than a Unit, then the Square of the Sum in the place of half 
the Number of Terms, gives the laſt Term of the Progreſſion, as 
in the third Series the Square of 256 is the laſt Term 65536. 

Theſe Rules are more particular and uſeful in the ſumming up 
all kinds of Geometrical Progreſſions than I have any where obſer. 
ved to be exhibited, and therefore worth nothing, for they always 
hold, as in the two Series's above; and where the Nature of the 
Progreſſion is as in the firſt Rank or Line; as is thus farther demon- 
ſtrated : | 


o, I, 2, 37 4» 3, 6, 7, 8, 9, 10, 
I, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 


The upper Series being Arithmetical, the Addition of any two, 
or Double of any one, ſhews reſpectively what is produced by mul- 
abs or ſquaring thoſe under them in the lower Line. Thus 4 
doubled gives 8 in the upper Line, under which ſtands 256, or the 
Square of the Number under the 4, Cc. So any 2 added in the up- 
per Line, as 3 and 6, give 9; which ſtands over the Product of 


the 2 Numbers 64 and 8, which 1s 512. 
The Reaſon of the Rule for ſumming up a Geometrical Progreſſion. 


It will be the more eaſily underſtood by a Series of a few Terms. 
Thus if I would know the Sum of 4 and 8, it is 4 (or the firſt 
Term) leſs than the laſt Term 8 multiplied by the common Factor 
(2) 
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(2) which plainly ſhews why you deduct the firſt Term (here 4), 
So alſ6'in 2, 4, 8, the Double of 8 is 2 (or the firſt Term) more 
than the Sum 4, and therefore from the 16 , muſt be deducted the 
firſt Term (a]. Laſtly, in 1, 2, 4, 8, twice 8 (the laſt Term) is 
16, which is the firſt Term (1) more than the Sum (15). And 
this is ſufficient to ſhew the Reaſon why we multiply the laſt Term 
by the common Factor, and why from the Product the firſt Term 
is deducted; | 
Now, as when the Ratio or common Factor is (2) the Sum of 
the 23 is f the laſt Number after the firſt is deducted from 
the Product; ſo when the common Factor is 3, the Anſwer is ?; if 
the common Factor be 4, the Anſwer is F of the laſt Number (or 
Term) having before Diviſion the firſt Term deducted from the 
Product. Thus in 3 and 9, the Sum is 4 three's or 12, which is 
thrice the laſt-Ferm'(9) [ef the firſt Term (3) divided by 2. So 
alſo in 4 and 16, the Sum is 4 times 16, leſs the firſt Term (4) di- 
viding the Remainer by 3; as might ealily (from ſo few Terms) at 
firſt be diſcovered. But ſee more at the end of this Section. 
Deſt 1. A King of much Virtue and Valour, admirably eſteem'd 
by his Subjects, returning from the Wars with Victory and Peace, 
very much Emulation appear'd who ſhould exceed in Demonſtra- 
tions of Joy. Among the reſt, the Governour of the Fortreſs in- 
tending: to ſignalize himſelf, ordets his Sub- Officers to make ſo 
many Diſcharges of Cannon; viz. 3 for the firſt Vear of the King's 
Age, (which was 25 Years) 9 for the ſecond Year, 27 for the third 
Year, Sc. (not conſidering the Impoſſibility of the Performance) 
the 55 — is, how many Diſcharges were to be made, and how 
much Powder conſumed, ſuppoſing the Guns to be each a Culverin, 
whoſe Requiſite of Powder is ib 10? 


The 


80 PROERESSION. outen. © 
The 13th Term 1894323 Mult. 7 Yin Diſclne, 
Ditto. 4594903 4 3 
— | 2d ———.9, 
4782969 3d— 27 
3188646 05 4th — 81 
6377292 6th =—729 
14348907 729 
7971615 — 
1594323 6561 
— 1438 
TIS the 6th 5103 
Note 1. for | 12th Term 141 
The > Deduct PTY . by Note 4. 1931441 
Reſts = 2541865828326 A. — 
f 13th Term... 1594323 
Half of which is = 1270932914163, PI 27 nba 
the Sum of the reſſion, or the | ＋ 
Number of Diſt order d. 


Which, at 10 


Fond of Powder ut each Ditetante,.; oe 


32709329141630 th. at 100 15. each Barrel, is 1270932914164 
$3 


Queſt 2. On the ſame Occaſion 
"all the Bells in the King's Metro- 


. s they ere capable of 


Now there being 9 Churches, 
of which had 2 dee, — 
Sc. the laſt 10 Bells; how many 
could be rung on all the 
Bells at each Church, and what 
the e Total of all that Pro- 
n 
The Number of Bells mulypli- 
your (any way) one in another, 
ves the laſt Term, or Changes 


which 1 at 400 Ton each Ship. 


** 


* 


Changes to 

Churches. Bells. boy's 
4᷑1 each. 

St Peter's — — 2 — — — 2 
St Andrew's — 3} — — — 6 
St James's — — 4 — — — 24 
St Fobn's — — 5 — — — 120 
St Bartholomew 6 — — 720 
St Thomas's — 7 — — 5040 
St Matthew's — 8 — — 40320 
St Simon's — — 9 — 362880 
St Fude's — — 10 — 3628800 


t can be rung thereon. Then for the Sum, multiply the laſt 
Term by the correſpondent Number of Bells, and divide the _ 
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v 27 Anfwer for 
four Belli: For 5 Bells add 2 to the Rule, for 6 add 8, for 7 — 
32, for 8 Bells add 182, for 9 add 872, and for 10 add 3912, 
gives the Sum of the P ſñions, here 4037912. 
Mete, The 2 is the Term, the 8 the Sum of the 2 firſt, the 
g2=the 3 firſt, the 152 = the 4 firſt, the 872 the 5 firſt, and 
the 5912 the Sum of the 6 firſt Terms. 
veſt. 3. Any Line or Number given, to divide the ſame into 
extreme and mean Proportionals. To the Square of the whole 
Line or Number given, add 4 of that Square; extract the Square 
Root of the Sum, from which Root deduct half the Line or Num- 
ber given, and the Remainer is the greater part. And for a Proof, 
the Rectangle or Product of the whole Line by the lefler part, is 
equal to the Square of the greater part, by Euclid 11. 2. 
4thly, If three Numbers be given in Geometrical Proportion con- 
inued, the Product of the two Extremes is equal to the Square of 
Mean, as 5, 20, 80, equal to 400. | | 
Sthly, If two Numbers be given, it follows from the laft, that a 
mean Proportional may be found by multiplying them together, and 
ing the Square Root of the Product. Thus in the laſt Ex- 
ample 5 times 80 is 400; the Square Root of which is 20 = the 
Mean ſought. 3 
6rhly, If you would find two Geometrical mean Proportionals 
between two Numbers given, as ſuppoſe between 5 and 320, you 
muſt divide the greater by the leſs ; then extract the Cube Root of 
the Quotient; laſtly, by that Root multiply the firſt Term, gives 
the Mean, which multiply by the ſaid Root gives the ſecond, 
ſo is 5, 20, 80, 320, the Numbers in order, 20 and 80 being the 
Means required. | 
-#thly, Or three mean Proportionals may be found thus: Suppoſe 
between 5 and 1280. Divide the greater Extreme by the leſſer, 
extract the Biquadrate Root of the Quotient, and by that Root 
multiply the leſſer Extreme continually 3 times; ſo will the Anſwer 
be found g. 20. 80. 320. 1280. 
das If 4 Numbers be given in Geometrical Proportion, the 
Product of the two Extremes is equal to that of the two Means: 
. laſt Example 5 times 320 is equal to 20 times $0, viz. 
1600. 
gthly, If two Numbers be given, a third in Geometrical Propor- 
tion may be found by dividing the greater by the leſſer, and multi- 
plying ſuch greater by the Mae” As per the 5th, 80 is found 
Py in 


PROGRESSION Cmnar.ll, 
ortion as 5 to 203 for as 5j to 20, 1 


rel by the 3d or 6th Caſes above. 
10thly, Three Numbers _ in Geometrical 


fourth may be found by mult lying 


and N the Product by 
1600, whi divided by oy 
J aſt is the Foundation of the 


the ſecond and — 
frit : 9 freeman. 
ives the 4th TIN 320. This 
ule of Three Direct, which is the 


next thing to be taught after I have ſnewed 


Tbe Proceſs for finding out the Canon e to djervr the Sum of 
* 8 Geometrical Progreſſion. 1 


Bot firſt note that 


And in the Literal Work, 


ſhews a Geometrical Ne. f tbe firſt Numb. of the Progreſſion. 


. portion. 20 
| — ſignifies lefs. - 
= ſignifies — to. 


+ 08 ſignifies multiphed in. 


r the. Ratio ar common Factor. 


the Sum of the Progreſſion, 
which is unknown. i; 


| 141 Term of the Progreſſion 


The Sum of the Progreſſion to be found is this Example, 
+ 7 RE 5: "of |. | SO 


in Literally performed, 
* fr : : u—l. u—f 
fu—ff=r fo—rfl. 


that is r. 2x1 : : 132, u—1 


that is u—1=2xX0u—2X32 * 
that is 2u—1=2x3 2—1 


e ca es as 


— — 


N 3 2 K performed. | 


—y 


that is u—1xX1—2X1 XU—32X2X1 


| 


— I „* —_— * — 9 — 


So that *tis plain the Anſwer is (2) the Ratio nultiplied in (32) 
the laſt Term, made leſs by (1) the firſt Term, and that Remainer 
divided by (2) the Ratio, "eſs 1, the ny 8 is (63) the Sum of 


the hes en) (or u): And this Cano 
Progreſſions continued. Which the Reader will more 


metric 


r Rule) holds in all Geo- 


eaſily apprehend, when he comes to the Algebraic Part, and till 
then ke; may 27 this, if he finds it difficult to underſtand ; but I 


could not W 


omit it in this place, to which it moſt properly be- 


SECT 


| Ser. III. Rules of Proportion. 12 
N this Section I ſhall ſhew the Operation, 1. Of the ſingle R 

of Dire& Proportion. 2. The Rule of Reverſe Propor- 
tion. 3. The double Rule of Direct Proportion. 4. The double 
Rule of Reverſe Proportion. 5. The Rule of Proportion by 5 
Numbers Direct. 6. The double Rule by 5 Numbers Reverſe. 
7. A. third Variety thereof. 8. 3 Proportion Direct. g. 
Duplicate Proportion Reverſe. 10. Triplicate Proportion. 11. Har- 
monical Proportion. And, 12. Seſquiplicate Proportion. 


I. We Single Rule Direct Proportion. 

This Rule has its Foundation from the 8th and roth Propoſitions 
laſt foregoing, and is demonſtrated by Euclid in the 16. 6. 

The main difficulty is to ſtate the 3 Numbers given right; for 
there are always 3 given to find a 4th, and hence | cots call this the 
Rule of 3 ; others, becauſe of its great Uſe, have termed it the 
Golden Rule: and *tis called the Rule of Proportion, becauſe the 
Number ſought bears ſuch Proportion to the 3d, as the 2d does 
to the firſt of the Numbers given. 8 


For the right diſpoſing or placing the 3 Numbers given. 
Rule. There being always 2 of one Denomination, and x of ano- 


ther, put the laſt mentioned down firſt : 2dly, Put that towards the 
left hand thereof which has dependance on it: and, zdly, Put the 
other next the right hand. Thus if the Intereſt of 1. 750 were 
ſought for a Year at the Rate of 5 per 

Gent. it appears by the State in the J. Princ. I. Inter. J. Princ, 
Margin, that only 1 of the 3 given 100. 5 :: 750 


Sxor. Ill d eee, . 


Numbers is Intereſt, therefore I . 5 
place that in the middle. And be N — 
cauſe 100 has dependance on it (as 3750 


being its Principal) therefore I put | 
100 towards the left hand, and the 37 Anſwer. 
3d toward the right hand (in courſe) 


Then | 
Do find the 4th Proportional, or Anſwer to the Queſtion. 


| Rule.) Multiply the 24 and 3d (or thoſe towards the right hand) toge- 
ther, and divide the Product by the fit (or that next the left hand) and 
the Quottent is the Anfever, or the 41h Proportional! ſeugbi for. So in the 
: M 2 Example 


% 
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Example above, the 4th Proportional is 37 for 100.5 ::750. 37, 
that is, as 100 is in proportion to 5, ſo is 750 to 371. So that you 
may prove this Rule by comparing the Product of the iſt and 4th 
wH nw! em of the 2d and —1 as by the ſixth laſt mention'd 
Prop. ii Geometrical Progreſſion. | 0 

Caſe a.] When the firſt Number is a Unit only, the Work is 
done by Multiplication alone. | 

Thus if 1 Piece of Broad-Cloth coſt Po. I. Pe. 1. 
17 l. what will 71 coſt? Here the 4th 1 17 ::71. 1207 
Number is found 1207 J. which is the ic: 
4th Proportional ſought. 497 
| 71 


| F 1207 

2dly, If I give 3 5. 9 d. for an Ell of Holland, what will 13714 
coſt at that rate ? | | 
Buy the Rule above the Queſtion is ſtated Ell . d. Ells 
as in the Margin, and you may multiply 1 3:9:: 1371+ 
13714 by 35. 2, as in the 4th Example of "gp 
Multiplication of Fractions, and the Anſwer 96) 493695 (51425. 


is 633 Shillings ; which, by the 5th Caſe of 
Reduction of Vulg. Fractions, is 1.257 :2:7 :33, — 
as per Margin. But theſe Queſtions are 136 
ſooner folved by Practice, as per the next 
Section. | i 409 
Caſe 3.] When the 3d Number is only W 
a Unit, the Queſtion is anſwered by Di- 235 
viſion. Thus if I give l. 237: 2: 7:31 
for 13714 Ells of Holland, what is that per 63 5. Rem, 
Ell? | 12 Mult. 
The Queſtion is Ells Shill, Ell 
thus ſtated: and be- *%% g x 96) 756(7 d. 
ing divided (as per — dm 
the firſt Example of Divifion of Vulgar _—_ 
Fractions) the 2d by the 1ſt, the Quotient 4 Mule. 
is LN. which by the ſaid ;th Caſe of 6)336(3 94.44 
Reduction of Vulgar Fractions is 3 5. 9 d. 3 133934 
and proves the Truth of the laſt Queſtion. 48 


ote, That where the firſt, or third 
Number, or both, are of diverſe Denominations, you muſt reduce 
both ſuch iſt and 3d into the leaſt Name mentioned in either, — 
. . ER 
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then multiply by the ſecond Number in the loweſt Denomination 
that is in it when given. And then having divided by the firſt, + 
Note, 2dly, That your firſt Quotient will always be of the ſame 
Denomination with the loweſt mention'd and given in your ſecond 
Number. To illuſtrate theſe three Cafes, 
Caſe 4.] If I give J 7 for the Prin, 
| Intereſt of I. 100 : 10 : — : what 4 „ LI, Bw: 
muſt I give for the Intereſt of 100:10 7:: 30 


J. 30 for the ſame time; See the 20 | 20 
Work in the Margin, where tho* - —— — 
the iſt and 3d. be reduced to 2010 Shil. 600 Shil. 
| Shillings (that being the leaſt | 7 
Term in the iſt Number) * 
the Anſwer retains the ſame De- 2010) 4200 (2 l. In- 


nomination with the 2d Number, ter, 
and is J. 2:A; or by the 5th 
Caſe of Reduction of Vulgar 18 
Fractions J. 2: 1 : 9+ prope. | 

Caſe 5.] If 1 give 71. for 30 3. . F. ad. 
Ounces of Silver, what will 7 30. 7:: 7 : 10. 
Ounces and 10 Penny-Weight 20 20 
coſt at that rate? — — | 

Here it is plain that becauſe 600 dw. 150 Penny-Weight. 
the 7 5 10 dw. are reduced into * 
Penny- Weight, the 30 5 muſt 
be ſo too: Alſo that the Quote 600) 1050(1 /. 
is of the ſame Denomination . 


with the 2d Number, vix. J. 14; | 
or, being reduced as aforeſaid, 450 
J. 1:15, + Bl 
600) 9000 (15 5, 
. 
30 
| \ O y | 
Caſe 6.] If 25 Ounces of Am | 126 


See 


— 


36 


See the Oper. 3 . 5s. d. 3 
tion, where the 2d ag. 862: 6: 9. 2 
Number in its leaſt U, 
Denomination bheñ⸗v 

ing 12560 Pence; 1046 4. 

therefore the Quote 12 
1004 is Pence. 


| T2560 12560 Pence ans baut "NE 


120 wing : 8+ the Anſwer. 


20 


_ i ai Rule of Propertion Reverſe. | 
This teaches, upon a due ſtating of the 3 Numbers, to find a 
4th ; which ſhall bear ſuch a Ratio to the 2d, as the iſt does to the 


3d Number. | 
zeſt. 1. How much Ma of 2 Foot broad will line a Gar- 
tting 


lery w ich-is 7 Foot broad and 40 Foot long? 
To ſtate a Queſtion in 


this Rule, broad. long. broad long. 
1. Put down the Num- - uns * 2. 140. 

ber which has the ſame 7 

Denomination as that re · — 6 

quired. 2) 280 (140 = the Anfwer. 


2. Towards the left hand 
put down that Number And as 140. 40: : 7. 2. 
which is joined in the Senſe 
of the Queſtion to the laſt. 

3. Put down the other which has the ſame Denomination as that 
towards the left hand. 

Then to find the Anſwer by this, 

Rule.) Multipl iy the 2 next the left hand one in the other, and 
divide the Product by the 3d, or that next the right hand, and the 

otient is the Anſwer. 

ence the Reaſon is evident why this Rule is ſaid to be Reverſe: 
becauſe the leſſer * 3d Number is, the greater is the 4th ; but in 
Direct 


Spor. II. Ruler f Proportion. 5 
Direct Proportion the greater the 3d is, the greater is the 4th 
Number. mart Em 4d 
So that by this Rule it is eaſy to know when a Queſtion is to be 
ſolved as Direct, and when it is Reverſe : For when the 3d Number 
is leſs. than the firſt, and yet requires more than it does, or being 
more, requires leſs than the firſt requires; in theſe Caſes your Pro- 
portion is Reverſe, and ſo you are to work by the laſt Rule. 
Example 2.] Ho much Ground ä 
in length, being 12 Perches broad, broad. long. broad. 


will make an Acre? *. a6 = 
To do this, conſider that 4 4 
Perches in breadth requires 40 . 


in length to make an Acre; 12) 1600131 Perch. long, 
therefore ſtate and work as per 5 for Anſwer. 


Margin. — — 
But altho* Writers have pre- 40 
ſcribed the foregoing Method for — 


ſtating a Queſtion, as being very + 
natural, and thereby have made it neceſſary to make this a diffe- 
rent kind of Operation and Proportion ; yet I ſhall ſhew 


How to reduce Queſtions commonly ſaid to be in Reverſe Proportion 
into Diret. : 
And this is only to conſider (to inſtance in the laſt Example) 
That as (12) the Breadth on which the Anſwer depends, 


Is to (4) the Breadth belong- 
ing to the Length given : : Breadth, Bread. Length. Len. 
So 18 (40) the Length given, 12, 43: 40. 133 


To (133)theLength required. 

Here the 4 Numbers are in Dire& Proportion, becauſe the Pro- 
duct of the 2 Means is equal to that of the 2 Extremes; which, by the 
by, ſerves for Proof of this Direct Proportion. But in the Reverſe the 
Product of the iſt and 2d is equal to that of the 3d and 4th Num- 
bers ; which proves the Reverſe Proportion. 


III. The Double Rule of Diref Proportion. 


This is when a Queſtion requires to be twice ſtated, and has two 
ſuch Operations, as under the ſingle Rule. For Example, 
If I give 51. for the Intereſt of J 100 for one Year, what Intereſt 
will d. 700 gain at that rate in ſeven Months ? F 
P I 


25 ate of 'Profertio en. 


f ſay, If J. 100 require J. 5, what . 
wal! 700 require in t e 4 * time ? = 5 :: 700 
You find as per the Margin that it vi 1 214: vd 16g 
gain . 35. i 9d — 1. 

5 bo _ 
2dly ſa 17 If 12 Months require L 35, Mon. J. Mon. 
what will 7 Months require? Work 12. 3527 
and you find the Anſwer /. 20, or 7 
L 20 314. —d, 

And by the ſame Rule you may find 12) 245 0 20 
the Intereſt of any Sum for any Num- * 
be of Days; as ſuppoſe l. 700 for 119 5 

ays. 


or a Year, by the firſt Operation, Days. I. Days. 

the Intereſt is J. 35: then in the ſecond 366. 35: : 119 

Working ſay, 365 Days requires | 

: 35, what will 1 19 Days el ? Tool find the anſwer to oy 
II:8:2:2 


IV. The Double Rule of Reverſe Proportion. 
This is alſo performed at two Operations, the firſt Direct, the 


later Reverſe. For inſtance, 
What Principal will gain . 200 in 7 Months, as the Rate of 


per Cent? 
The iſt Anſwer 8 Int. I. Princ. J. Int. Princ. 
is, that 38 l. iſt ſay 5. 1903: 20k, HL 
| Principal will raike 
the 20ù in a Tear. Mon. . Mon. L 


The 2d, or An- 2dly ſay 112. 8: 7, 700 
ſwer to the Que- p 
ſtion, is, That J. 700 is the Principal that will raiſe the Intereſt 
J. 204, in 7 Months: T multiplying the 2d Number by 12, and 
dividing by 7. Note, This proves the firſt Queſtion in the third 
Head above. | 


V. The Rule of Proportion by 5 Numbers Dire®. 
This Rule hath 5 Numbers given to find a 6th, It is the ſame 


with the double Rule of * Direct; only whereas _ was 
one 


Sr r. III. Naler of Purportion. 29 
done by twice ſtating N ueſtion, this is done by one ſtating : 


the Rule for which is to — 5 Numbers as followeth. Where tis 
obvious, That the — be of the ſame Denomination with 


that ſought; tlie i ee 2 on which the 3d depends: 'fo 


that the 4th muſt be | 
of the ſame-Denomina- L Prin, Time. 1. Int. © 1. Prin. Time. 


tion with the iſt, and 100. 12. 3. 700. 7 
the gth the ſame dich 18 ä 7 multiply. 
the 2d. * Fin — the Di — 

Exam t is 1200= the Di- 4900 
the Hed of J. 700 © - viſor, 5 þ mulphy 
for 7 Months at the — 
Rate of 5 per Cent. per - 1200) 24500 (20 — the - 
Ann. ? By the Work [_ * Anſwer 


in the Margin; you ſee | 
The Rule for the Operation i is, Mulch the 3 Waden next the 
right in each other for a Dividend the 2 next the left hand for 
a Diviſoe, and the Quotient is che och Proportional — as ap- 
pears in the Method, by double ſtating under Head 
And to prove ibis; 1 Product of ihe xt, 2d, and 6th, is equal 
to that o oh” 11 hace hg aber 45 | 


Neft. 2. 1000 AY 3.2%, 1 
5 Nen Hours. Feet. Men. Hours. 


Men in 24 
dig a Trench 18 foot 1000. 24. 3000. 9800. 10. 
broad, 9 deep, and 24 | 10 multiply. 
500 lon 3 whatlengtbü -- 
of the like Trench can | 1 ul 

800 Men dig in 10 | multighy- 
Hours The Anfwer Nt | | 

as per Margin, is 1 24000) 49000000 (2041+ foot” 
20411 Feet. & E Anſwer. 

Whence it appears 
That as the Product 4 100 
of the 1ſtand ad Num- — 
bers is to the 3d: ſo 5 40 
is the Product of the 1 — 
4th and gth to the 6th 16 


Number. Which alſo ſerves to prove the Rule 
For as 24000. 500 : : 98000. 2041+. 
And 24000 multiplied. in 2041+ is equal to 98000 multiplied by 


"= 49900000, as per FN 6. of Geom. Progreſſion, 4 


» 
* 


yo Neal of Proportion. . Char. II. 
Vr. The ſecond Variety of the Rule of Proportion by 5 Number;, 


This is commonly called tbe Rule by 5 Numbers Reverſe. | 
Example.) How many Men can dig 2401} feet in 10 Hours, at 
— rate of 1000 digging 500 feet in 24 Hours. State your Queſtion 
bus #8 
Men. Hours. Feet. Feet. Hours. 


1000: 24: 500. _ 2041 10. 


i. e. If ro00 Men in 24 Hours dig a Trench of 500 Feet in length, 
how many Men can dig a Trench of 2041+ feet long in 10 Hours? 
Io anſwer this, . the 1ſt, 2d, and 4th Numbers together 

for a Dividend, which divide by 5000, the Product of the 3d and 
5th Numbers, and the Quotient is 9800 Men for Anſwer. 


VII. 4 third Variety of the Rule of Proportion by 5 Numbers. 


This (altho? omitted by Authors) is as likely to be uſed as the 
laſt : for (ro put the ſame Queſtion again, the varying may 
the berter appear) A bas. 5 % 38; 

If 2000 Men in 24 Men. Hours, Feet. Men. Feet. 
Hours can dig 500 1000: 24: 500. 9800. 20415. 
foot of a Trench, (as be 1 
mention'd under the 5th Head above;) in how many Hours can 
9800 Men dig 20415 feet (of the like Trench)? 

Rule.) Multiply the 1ſt, 2d, and 5th together, produceth 
— for a Dividend: Then multiply 1 zd and 3 

or a Diyiſor, which is 4900000. So the Quote 1s 10 Hours, 
as in the two Caſes above. | A 
1 the be digged was — 20 rl Feet. 
* 2d — the Number of Men to dig the lar- 
ger Trench in the leſſer Time, and found 
3d — the Time in which the larger Num- 
ber could dig the larger Trench, and found | 

For Proof of the 2d Variety or Kind of Proportion by 5 Numbers: The 
Product made of the 1ſt, zd, and 4th, is equal to that of the 3d, 
5th, and 6th. | 

And for Proof of the 34 Variety: The Product under the 3d, 4th, 
and 6th, is equal to chat of the 1ſt, 2d, and 5th vm of 


9800 Men. 


10 Hours. 


src! Na of Pripurtion: 1 
VIII. Of Duplicate Proportion Dire#, 


This differs from the ſingle Rule of Proportion Direct, in this: 
2 of the 3 (the 1ſt and 3d) requiring to be ſquared, when that 
ſought - (or the 4th Number) is not a Square, and 1, viz. the 
middle or 2d Number, when that ſought is a ſquare Number (or 
one whoſe Root mult be extracted to give the ſpecifick Anſwer); 

Or elſe it is when the Ratio is as the Square of one thing is to 
that of another, c. ; 

Examples, 


The Diameter of a Circle being 2, the Area is 30%: therefore 
What is the Area or « 20 
ſuperficial Content of a The Sqr. of The The Sqr. of The 
Circle, whoſe Diame- the Dum, Area. the Dam, Area. 
rer is 8? 4. 34 %:: 64. 30. H. 
The Rule for ſtating | 
the Queſtion is the ſame as for the ſi Rule Direct: And the 
Diameters being ſquared as you ſee (4 ing the Square of 2, and 
64 of 8) the Rule for performing the Operation is the fame as for ſingle 
Direct Proportion; for 3 multiplied by 64, and that Product 
divided by 4, the _—_ is 50:558% for Anſwer. For 
Euclid has demonſtrated, that Circles are in proportion as the 
Squares of their Diameters; and accordingly, by this Proportion 
above we find the Area of a Circle 0 , whoſe Diameter is $. 
Example 2.) What is the Diameter of a Circle, whoſe Area is 
50:3%% ? ſuppoſing the Diameter of Circle, whoſe Area is 3%, 
be 2, (as it really is.) 
This is ſtated as per | 
Margin, and the Ope- The TheSqr. of The TheSqr. of 
ration done as Area. the Diam. Area. the Diam. 
fore. For 3 dd. 4 :: 508%, 64 


As 3:%% (the Area of a Circle) 
Is to 4 (the Square of that Circle's Diameter: 
So is god (or the Area of any other Circle) 
To (64) the Square of the Diameter of that Circle. 
_ extract the Square Root of 64, and you have the Anſwer, 
viz, 8. 


This and the laſt Example prove each other. 
N 2 IX. 


92. Rules of Proportirn-. CAN. 1h» 


IX. Duplicate Proportion Ræverſe. 

Example.) Admit the Pendulum of our common Clocks is 39 
Inches, (as it is very little more) we know that ſuch a Clock vi- 
brateth Seconds (or 60 times in a Minute); Now what is the 
Length of a Pendulum that vibrateth Half. Seconds (or 120 times 

in a Minute)? | nu hs 10 

Queſtions under this Rule are moſt naturally ſtated as in ſingle 
Reverſe Proportion above; and being ſo ſtated, muſt be ſo wrought 
after the Vibrations are ſqua- | 
red. By this State it appears Vibrations, Inches. Vibrat. Inches. 
that the Proportion is Re.- 60. 39. 120. 94 
verſe: for if 60 Vibrations a 
require a Pendulum 39 Inches long, tis plain that a Clock, whoſe 
Vibrations are 120 in a Minute, muſt have its Pendulum- ſhorter 
(for the longer the Pendulum, the fewer the Vibrations in a Minute; 
and the contrary): therefore more requiring leſs, ſhews the greater 
Extreme (or 120) muſt be your Diviſor, as appears by what is ſaid 
under the firſt Example of ſingle Reyerſe eee So that mul- 
tiplying the Square of 60 = 3600 by 39, and dividing the Product 

the 


Inches. 

Example 2.] A Pendulum of 39 Inches vibrating 60 times in a 
Minute; how many times does that Pendulum vibrate in a Minute, 
flere, bemulcighyi TheSqr.of 1 . TheSqr, of 

Here, by multiplyin eSqr. r. o 
the two ert — Inches. the Vibrat. Inches. the Vibrat. 

left hand together, viz. 39. 3600. 94 14400 

39 and 3600 = (the 5 | 
Square of 60) and dividing the Product by 94 (as taught in Divi- 
ſion of Vulgar Fractions) the Quotient is 14400, the Square of the 
Anſwer: therefore extract the Square, Root of 14400, and you'll 
find it 120 = the Number of Vibrations in a Minute of a Pendu- 
lum whoſe Length is 94 Inches. 

Example 3.] Admit a Body on the Surface of the Earth (or 4000 
Miles diſtant from the Center thereof) weigh 20 Hundred weight, 
what will that Body weigh if it were 12000 miles above the Sur- 
face, or 15000 from the Center of it? State your Queſtion thus; 


Miles. C. wt. 
4000 20 16000 


Square of 120 = 14400, the Quotient or Anſwer is 91 


Multiply 


Sg cr. III. Rules" of Proportion.” 99 
Multiply the Square of the iſt by the 2d, and divide the Product 
by the 2 of the 3d, and the Quote is 15 C. Which ſhews, 
that a Ton weight, if 12000 miles high, will weigh bur 1+ C. and 
if 189314 miles nigh, *rwill weigh bur a Pound, by the fame Rule. 

So likewiſe the Velocity of Swifeneſs of Deſcent is alſo in propor- 
tion to a heavy Body's diſtance from the Center of the Earth in + 
2 duplicate. Ratio: for che Celerity of the Fall on the Earth (or 
4000 miles from the Center) being 16 foot in a Second; if the 


* 


ſame Body be 16000 miles from the Center, it will fall but 1 foot » 
in a Second, as you may ealily prove by this preſent Rule, as a- | 
boveſaid. | | 


I have given an Example under the ſingle Rule of Proportion Re- 
verſe, how theſe laſt, Sc. may be performed as in Direct Propor- 
tion, by ſaying (in the 2d Example) 

As 9% to 39 : : ſo 3600. to 14400, whoſe Root is 120. 

But then this neither agrees, as to ſtating the Queſtion, with the 
Rules given for that purpoſe under the Rules Direct nor Re- 
verſe, and conſequently theſe Queſtions are moſt properly and na- 
turally to be performed as directed above, as agreeing with the 


Rules given for ſtating and working ſuch Queſtions. 
X. Triplicate Proportion. 


As in Duplicate Proportion the Ratio is as the Square of one 
Number is to another — or the contrary; ſo this kind, the 
Ratio is as one Number is to the Cube of „or as the Cube 
of one Number is to ſome other Number. 

Example 1.] If a Sphere (or Ball) which is 8 Inches Diameter, 
weighs 48 Pounds ; what will another Sphere of the ſame Specie of 


Matter weigh, whoſe Diameter is 4 Inches? 

This is a ſingle direct Pro- 

portion, (wor 4 — the The Cube of d its The Cube f 
Cubes of the Diameters) the Diam. 8. Weight. the Diam. 4. 


where the 4th Proportional is 512. r: 4 ak 
found tþ 6. For | . 

As 512 =(the Cube of the Diameter 8) is to 48 Pounds weight, 

So —_ (the Cube of the Diameter 4) to 6 Pounds, the Weight 
required. | 

xample 2.] If a Sphere weighing 48 15. be 8 Inches Diameter, 

what is the Diameter of another S of the ſame Matter, whoſe 
Weight is 6 i ? 1 

e 


94 Rules of Proportion: + CHAN II. 
Here by multiplying the 2d # the The Cube of ib the 

and 3d Numbers together, and Weight. theDiam.8. Weight, 

dividing the Product by the 1ſt; 48. $1333 5 

the 4th Proportional is 64, the 

- Cube Root whereof is 4 = the Anſwer. For 

As 48 Pounds weight is to 512 (the Cube of the Diameter 8) 

So is 6 Pounds weight to 64 (the Cube of the Diameter ſought) 
whoſe Root is 4. | 

And as the Weight, ſo the Solidity of Spheres is found by the 
ſame Ratio. 6x4] | | | 

Example 3.) Ad- The Cube of The Soli- The Cube of The Soli- 
mit the ſolid Con- the Diam. 2. - dity. theDiam.4. dity. 
tent of a Sphere 8 4 : 64 33655 
be 4b, whoſe a 
Diameter is 2; what is the Solidity of another Sphere, whoſe Dia- 
meter is 4? 

Here you ſee that As the Cube of the Diameter 2, viz. 8. 

Is to the Solidity of that Sphere 4% : 
So is the Cube of the Diameter 4, viz. 64. 
To the ſolid Content of that Sphere, viz. 
| 33 088d. 

Example 4.] The Diameter of a Sphere being 2, whoſe Solidity is 
4:4, ; what is the Diameter of another Sphere, whoſe Solidity 
is 33 >? Anſwer 4; the Cube Root of 64: for as 4&%%.8: : 
33 eb. 64. | 


XI. Harmonical Proportion. 


In this kind of Proportion there are 3 Numbers given to find a 
4th, which ſhall bear ſuch direct Proportion to the firſt, as the Dif- 
ference between the 3d and 4th bears to the Difference between the 
rale fs called H | (or Muſical Proportion 

t is d Harmonical (or Muſi roporti bably by 
reaſon of the double Ratio of the Numbers among — 2 

The Rule to find the 4th how. 7s is, Multiply the rſt and 
3d together, and divide the Product by double the 1ſt, leſs the ad; 
and the Quotient is the 4th Number required. 

Example.) What is the 4th Proportional Harmonical to theſe 3 
Numbers 7 : 10: 12? Anſwer 21. 


See 


Scr. III. Rales of Proportion. 
See the Work in the Margin. | 
For Proof of this, as aboveſaid: 
i | | 
That is, as 4 as 4th Number Product 14 
(or that required in the Queſtion) Leſs ; 
is to 7 (the 1 Number) ſo is — —ê 
the Difference between 12 and Reſts 4 4 
21, viz, 9. to the Difference be- | — 
tween the 1ſt and 2d, or 7 and Ay 
10,''0512,"4; ©- | | 
Hence as a Corollary it will appear, that double the 1ſt Num- 
ber muſt exceed the 2d Number, otherways you'll want a Diviſor, 
and cannot find the requiſite Number without the Arithmetic of 
Negatives. 5 


XII. Seſquiplicate Proportion. 


In this kind of Ratio the re of one Number is in proportion 
to the Cube of another, 1 contrary. 

It is uſed in finding the Diſtance of the Planets in the Solar Sy- 
ſtem from the Sun their Center, about which they revolve: For 
As the Square of the Time in which any Planet finiſheth its Pe- 

riodical Revolution, | | 
* Is tothe Cube of its Diſtance from the Sun:: 
So is the _ of any other Planet's Time 


To the Cube of its Diſtance. Thus 
— | Days. _ Mies. 
e Earth finiſhes its its Diſtance Þ' 
Mars — — — 625 — — — about 130000000 
* — 440000000 
. c. 


Scr. IV. Rules of Practice. 


1 IS is a briefer Method of caſting up any Quantity of Mer- 
chandize than the Rule (commonly uſed) of Proportion or 
Multiplication. And *tis done by conſidering what even Parts of 
a Pound the given Price is, or is reducible to, and then framing a 
Rule accordingly. 


Ic 


—— 


8 Raule ef Practice. chr. I. 


Im is called the Rule of Practice becauſe of its excellent Uſe in 


the Practice of Merchandize, for diſpatching many Computations 
with much eaſe and in a ſhort time. : 

I ſhall not trouble the Reader with ſhewing him a Table of the 
even Parts of a Shilling or a Pound, by reaſon I have given an intire 
Table, with the Fabrick thereof, at the end of Diviſion, and have 
reduced the whole Buſineſs of Practice into Rules ariſing graduall 
in the Value of the _ in fo regular and copious a Method, 
that any one may ealily find his Rate or Value of the Yard, Ell, 
Pound, Ounce, &c. and right againſt it a Rule how to perform the 
Operation after the beſt and moſt conciſe manner, d he will 
generally know which are the even Parts of a Pound by the Short- 
neſs of the Rule, being only one Diviſion required to bring the 
given Number into Pounds reſpeCtively. I have marked the Ali- 
quot Parts of a Pound with A. P. L. in the Table: And I think I 
may affirm, that this moſt copious, regular, and ſhort Way of 
Practice, was firſt (and only) ſhewn by myſelf, where I take no 
notice of the Parts of a Shilling, but of a Pound only. 

The main thing that makes the Rules of Practice preferable, is 
the performing the Operation mentally, without putting down any 
Figures but the Quotients or Anſwers for the moſt part: And this 
is done by chuſing proper Diviſors, few or none of which exceed 
12 ; to which Number incluſive my Multiplication- Table foregoing 
extends, and is ſuppoſed-to he pertecty in the Reader's memory, 

But before I proceed to the Tables, it will be neceſſary to give 
theſe previous Caſes. . IN 

Caſe 1.] When the Value of the Integer is 2 5. you have the Anſwer 
by only cutting off the Units place (or dividing by 10) 2 5. being 
the 10th part of a Pound; and the Figure in Units place is ſo man 
two Shillings. Thus 34765 Ells at 25. each is l. 3476: 10; thoſe 


to the left hand Units place Gin ſo many Pounds. So alſo 97 iy at 


25, is l. 973: 8: —; and875 181,87: 10: — 


Caſe 2.) From the laſt Caſe it will follow, that” if the Price is 

even Number of Shillings for the Unit; the whole Parcel will be half ſo 
many . as the Value of the Unit is, multiplied in what ſuch 
Parcel would amount to at 25. Thus 7876 at 18 5. is 1. 7876 at 


2 5, therefore it is 9 times that at 18 5, So multiply Ros by 5 


9 times 


* 


by * 


Scr. IV. Rules of Praffice: 97. - 
times 6 (cut off) is 54 two Shillings, down 8 5. and carry 
53 7 and 5 carried is 68 and ſo proceed to 

multiply the 78, and you will find the Anſwer to be J. 7088: 8 : o. 
And by the ſame Rule 19468 at 165. is J. 13574: 8: o. I fay 8 
times 8 is 64, twice. the 4 is 85. and carry {.6, Sc. Likewiſe 

97357 at 14.5. is . 68149 : 18: oo, &c. 

Caſe 3.] When the Value of the Integer 135694. 
or Unit is 15, what is the Value of | 
135694 ? | . 
You muſt take a 20th part, cutting Anſwer 1.6784 : 14: 00 
off Units place, and raking half what | 
reſts to the left hand, as half a3 is 6, 1 of 15 is 7, ; of 16 is 8, and 
+ of 9 is 4, and the 105. remaining, and the 4 cut off is 145. be- 
cauſe the Value at 1 5. per Unit is half as much as at 25. 
Caſe 4.] When abe Price of the Unit is 6d. take a 4th of the given 
Number, which ſuppoſe 17372, cut off the 2 from 17372, and 


take a 4th of the reſt: So the Anſwer at one Work is J. 434: 65. 
for 12 Sixpences remains. For 4 in 17 is 4, 4 in 13 is 3, and 4 in 
17 is 4, the 4341. | 

Caſe 4.] When the Price of the Ps & 45.008 you are directed to 


thus 6 in 55 is 9 and reſts1; 6 in 16 is 2, > il. 92 :15:8 
and there reſts 4, which with the 7 is 47 
Groats, or 155. 84. the Anſwer. 

Caſe 6.) When the Value of the Unit is 3 d. and you are directed in 
the ſubſequent Rules to take 8> of the given Number, which ſup- 
pole 7539 z cut off the Units place, | 


take x of the remaining Figures, as 8 in 7539 
75is9, 8 in 33 is 4, and 19 Three-pences 1 
(or 45. 9 d.) over. 
Caſe 7.) When the Price of the Unit is 2 d. . 94:49 
and * _ re take ] of the — 
given Number, which ſuppoſe 19739 ; cut 1973 
off the 9 in Units place, = ka 8 of the * £ 
reſt: ſo 12 in 19 is 1, 12 in 77 is 6, 12 in — 
53 is 4, and 59 Two-pences reſts, orgs. 1% . 1649210 


10 d. And that the Remainers in theſe 
0 four 


99 Rules of Practice. Cn. II. 
four laſt Caſes may not, when large, ſeem difficult to caſt up, I ſhall . 


ſubjoin ibis little Table of Remainers"in Shillings and Pence. 


| Remainers. Two-pences. | Three-pences. -pences. | Six-pences. | 
ni. 1s, 84 | 25, 64.) 34d. 55.04. | 
20 3 „ 0ST | 20 "o- 
30 5 0 T7 3.359 d- 1 135-0: }- 
40 6 8 10 © 13 4 2 
50 8 6 12 6 16 8 | 
P e [20 *@ 15 o e 
70 11 8 TC +8 i % t 
80 13 4 r | 
0 18 0 | | | 
* — 16 8 | | 99530 
5 110 18 4 | 1 


727 . 4 * — 


Thus by this Table the 47 Groats which remained in the 5th 
Caſe above, is 155. 84. for 40 under Four-pences is 135. 4d. and 
7 Groats (or 25. 4 d.) is 155, 8 d. {ad 


Note 1. That the Remainers are of the fame Denomination with 
the Dividends: As in the Example to the 5th Rule I ſuppoſe in the 
firſt Operation the Dividend Two- pences, and therefore dividing 
by 220, I find 47 Two-pences remaining, or 75. 10 d. And what 
remains after in taking any part of the Quotients, are Pounds, Shil- 
lings, or Pence, as thoſe-Quotients are. The Caſes above, and 
the Rules and Examples following, make this very evident. 


Rules of Protiice F 


the Anſwer. 


Berau e Here falloweth 149 Rules (with 5 ſuch ; 
rhe 1 as f tas the m# 4 100 for the brief working Number 
Ell, Yard, by Practice to give the Anſwer in Poundi, &c. of 
-_ > the like not extant by any other Hand. Rules. 
A. P. L. 1 Take g; of q of the given Number (or 2g thereof.) 1 
A. P. B. 2 Take an Soth of a 6th of the given Number — — — 2 
A. P. L. 3 Take g, of 3 of the given Number (or 34 thereof) _—— z 
A. P. L. oo: 1:0 EE e 
120th and deduct 4 thereof — — — — — 4 
A. P.L. 121 To g of 120 of the given Number add a 4th of that 4 — 5 
A.P.L. 1:2 Takea 20th of an 8th of the given Number, or ,4o.— '6 
: 1:3 From 120th of the given Number take an $th of that 
A.P.L 2:0 Take an 120th of the given Number wan o_ ——— 8 
| 8:1 Th Rn of the given Number add an 8th of that * 
A. P. L. 2: Ton 120th of the given Number add 44 of that r2oth, & _ __ - 
: or _—_ — — — — — — 10 
2:3 From an goth of the given Number take a 12th of 
r rv — . wh ** 
A. P. L. 3:0 Take an Soth of the given Number, as per Caſe 6. — — 12 
4 3:1 To an Both of the given Number add a 12th of that 80o— 13 
| 3:2 To an goth of the given Number add a 6th of that 80 — 14 
A.P.L. 3:3 Ta an Both of the given Number add a Ath of that 
goth, (or takea 64th) = — — — —£ 5 
A. P. L. 4:0 Takea 6oth of the given Number, as per previous Caſe 5- 16 
4 1 To an 120th of the given Number twice put down, 
add an 8th of 12oth _ — , — * 
4:2 To a both of the given Number add an 8th of that 66 — 18 
4 3 To a Goth of the given Number add an $th of tha 
Sroth and 4 that 8th '—— —— — 4 9 
A. P. L. 5:0 Take an 8th of a 6th of the given Number or take A, — 20 
5:1 From a 4oth of the given Numb. take an 8th of that 21 
5:2 * of the given Number take a 12th of that "a 
40t — — ä —— — 
: 3 From an Soth of the given Number twice put down, 
EY take a 12th of an deck —_ 23 
A. P. L. 6:0 Take a 4oth of the given Number, as per previous Caſe 4. 24 
Example to Rule 5. Example to Rule 17. | Example to Rule 23, | 
1977 at 1d. 19. 907” at 4d. 1 gr. "993 at 5d. 3 gr. 
11% = 4.164: 7:10 : n 
J of that J Ja: 3:11 4 itto /. :8 tto 111 13:9 
of that 4 20: 10:11 a Jg of tho L 9:15:4 Sum, . 223 7:06 
Sum, J. 102: 14: 1 4 Sum, 166: 00:8 Ant. ch of % =9: 6: 12 ded. 


Reſts = 214: 1 : 43 Ant. 


O 2 


Too 


The Value 
of the 
Pound, Ell, 

Tard, &c. 


4. 
6 
6 
6 
7 
7 
7 

* 7 * 
> 
8 
E 
8 
9 
9 
9 
9 


4. P. L. 10: 


9 * 0 2 ® . „ 6+ 06@ 00 00 9 * 
f © en = 


0 


N 


Rules of Prafiice: cat. II. 
De Continuation of the Table of Rules for the Number 


Hort Work of Pratfice, &c. as before, 
To an Soth of the given Numer twice put Gown, a4 add 


a 12th of an 8oth — — 
To a 4oth of the given Number add a 12th of that 4c 40 
To a 40th of the given Number add an 8th of that goth 
Toa = of the given Number add a 6th of that goth 
To a 4Qth of the given Number add a 6th of that 40th, 
and a 4th of that 6th — 
To a 40th of the given Number, add a 4th Ich of that goth 4oth 
(or take &) — — — — — 


To a 4oth eee. 


and a 6th of that 4th — — 

Take a zoth of the given Number — 

From an goth of the given Number put down three > 
times, take the 4th of an ot 

To a Goth of the given Number, by ane den twice, add 
an 8th of a both —— 


From an goth of the given Number thelce pu — put down, 


take a 12th of an Both — 
To a 4oth of the given Number add half of that 4c 


12th of an 80 

To an Soth of the given Number thrice put down, 
add a 6th of an 80th —— 

To gn 80th of the given Number ir alc put. down, add 
a 4th of an 80th — 

Take an 8th of a 3d of the given Number, ( (or « 24th 


part.) | 
To a 3oth of-the given Number 24d a 4th 4th © of that that t 30. 
and an 8th of that au 


To an 8th of the Tor == | 


From a 20th of the given Number take an an 8th of that 20 
© 43 


Inno ants $oth of — — add an 8th 
of that 4oth - — — 

From a 20th of the given Number take a 12th of the 20 

From a 4oth of the given Number twice os; go down, — 
take an 8th of a 4b —— 

From a 4oth of the given — twice ice put 2 
take a 12th of a 4oth 

To a zoth of the given ter add an Soth, . a 
4th of that 8oth. — — — — 


of 
Rules. 


25 
26 


26 
29 
30 


44 
45 


46 
47 


31. Example to Rule 35 Example to Rule 45. | 


— A 


— 


Sum, Ani. 151:8: 7 reſts J. 88: 16: 


——c— 


75 

* at 7 d. 39. yy” 1 fr. 1895 at 119. 1 gr. 

420 1180: 190 goth 2492 3 agoth=/. 47: 7:0 Lad 
of the 4oth J. 45 : + :9 ditto =—— 49:2: 3 — 47: 7:6 

of the 4th J. 7: 10: 7 — 2: 3 ＋ 94 15 0 Sum. 

Anſwer, J. 233: 14: m of & a= 4:1: 104 + of h = 5:18: 53ded, 


— 


SCT. V. | . Rules of Practice. f = 7.) | 
. 
. the Pound, A Continuation of the Table of Rules for the Number 
Bll, Tarts  .'. foort Work of Pratiice. — 
' .& & 0 
A. P. L. 1:0:0 Take a 2oth of the given Number, (as per Caſe 3.) 48 
1101 Toa 4oth of the given Number, and a 7 that — 
* worry add-a-12th of one of the 4 —— C 49 
10:2 Toa of the given Number twice put down; add aF* 50 
* To a goth ofthe given Number evi par down, ad 
- 8thofa goth —— 31 
1: 1:0 To a 2zoth of the given Neakbir add « bath of that me 20th 52 
1:1:1 Toa F 
es and a 4th of the 12th © — — 53 
4 1:1:2 Toa zoth of the given Number add an 8th: of that 2oth 54 
8 ae ghany Wrndey-ob3'4m, rk, of: has 
t 20th, and a 6th of the gt 55 
12:0 Toa 20th of the given Number add a 6th of th that 2c — 56 
12:1 To a 20th of the given Number add a 6th of that -2oth 
And an 8th of that 6th . 57 
' 1:2:2 To a 2oth of the jren Number. add T 6th of that | 
"Re X 20th and a 4th that 6th — — — $3 
17823 To x'goth of the given Number add 2 
| | an 8th of the goth _ —— 59 
A.P.L. 1:3:0 Take half of an 8th of the given Number, ( (or a 16th) & 60 
1:3:t Toa 20th of the ien Number add's 4th of the zoth 2 
and a 12th of the qth —— 61 
123: 2 To « 20th of the given Number add « 4th of that 
| 20th, anda 6th of the qth — 62 
of > 16 Bri. x 20th of the given Number ad. 4th of that zoth, 
| and-a 4th of that 4th — 63 
A. P. L. 1:4:0 Takea zoth of the given Number, ml double it (or 
- put down twice) or _ th of the given Number g 64 
1:41 To 3 of an 8th of the umber a a rath of that 4 65 
1:4:2 Toa 2oth of the given umber add 34 of that 29th, | 
| and an $th of the 3d „ 
1:4:3 To a 4oth of the given Number twice put down, add 
a Goth of the given Number and an 8th of a 4oth — 67 
1:5:0 Froma 12th take an 8th of the given Number "Fs 
1:5:1 From a 20th of the given Number added to $ the 20ch,, 
: | take an 9th of that half — 6g 
12622 From a 20th of the given Number added to half tha 
20, take a 12th of that half — a 
12623 From a 2oth of the given Number added to a 4: th of that Fe] 
20 twice put down, take a 12th of the faid 4th=—— Fs 
{Ol 1 to Rule 7. xample to Rule 71. 
Example to Rule 65; 1239 at 164.4 | 4. 
| 803 it 164. 7 Z. 30: 19: 8 a 20th V 47 : 
an 8th=/.111 :12: 6 itto 30:19:6 e 40a 20,/11 : 


zu 8th, 155 4 * 


1 Hof the — 


a both = 20: 13: 23 ditto J. 11: 18 : 00 
zof a 4oth 3 : 17 : Sum, 71: 8:00 
alizofag—: 19: 10 ded. 

reſts 7. 70: 8: 2 Anl. | 


Ell, ard, 
&cc. 
Fo 


* *» 


v0 ο 


47. 12 


| . 


+» 
— 
| 


ike Gt 


” 
vv 
* 


N 
Ws 
N 
— 
00 


1 P. L. 


o * 0 


1 
135 
— 4 


„ ww 


The Value of 
the Pound, 


Takes 12th "of che given 11 — — 


Rules ef Praclict: 


ff Continuaticn of-the Table of 
bort Work 5 Practice. 


1 — 


— — — 


a r2th of the given Number take a 20th of that 


To a 12th of the given Number add a 2oth of that 12th 
To 1 of che given Number add a 1oth of that 
12t 


Add an 8oth to a 12th of the given Number — — 
Take a' 10th of the given Ne Number, as per _povvons 


Caſe . — 


To 2 dach of the given Numbe+ add a 4th of that 12 12th 


To 10th of the given Number add a 12th of that 1oth 


3 N add an 8th of that 
I 
To — of the-given Number add a 6th of chat 
10 


Toa 12th of the giyen Number ac add a; 4th of har r 12 
Take an 8th of the given Number 
To a 10th-of the given Number add a 3d of that 0 roth 
To an — R 
Sth 


Namber z a rot oth ny 


To-10th of the given Number, ade 2 
1 a 6th of the given Number Wer take a 4och of that 
eee . 


Take a 6th of the given Number 3 — — 


aer. 


6th —— 


To a 6th of che given Nu Number . a 26th of of that. * 


To a 6th of the given Number add an 8th of that 6th— 
Take a 5th of the given Number, (or ſhorter) take 2 
Tenths of the given Number — 
To à 10th of the given Numer twice put down, add add 

an 8th of a 10 
To a on 


6ꝙ)— — — 


pc down, öh of 5 oth. — 


Cnar. II. 


Rule for the * 
| | . 


Exanyle to Rule 73. 
| 1047 at 1 V. 74 


Example to Rule 88. ., "Is to Rule 94. 


895 at 37. 34. 


739 at 4s. 3 d. 


210th J 73:18: : 00 
«ditto . 73 : 184-00 
#4 of a 10th, 9 459 


Reſteth 182 1 17:9 
The Anſwer. 


| Sum — 157:00: 9 


— 


— 


De Value 


„ of the A Continuation of Rules for the fhort Work Number 
4%, Ell, ; n 4 
; _ of  Pratfice. Ws 


| Tea 10th add an 8th of the given Number —— '—— 96 
To a roth of the given Number twice put down, add 
a 3d of a toth | — — — . 97 
From a 4th of the given Number take a 2oth of that 4th— 98 
—— —t — — — 99 
To a 4th of the given Number add a 1oth of that 4th — 100 
Take 3 Tenths of the given Number, as per | 
Cale 8; wide 7 „ eee — 101 
Take a zd of the given Number. — 102 
Work for 65. and 15. as per previous Caſe 2, and 3 —— 103 

Take an 8th of the given Number, and put it — 
thrice, or multi * — — — 
Take 4 Tenths given Number, as per previous 2 109 
2. — — — — — 
To 4 Tenths add a 40th of the given Number —— —— 106 
To 4 Tenths of the given Number add a 2oth thereof 107 - 
From half the given Number take a 2zoth-of that half — 108 


Re N. 


* „„ vs 


— 
* 
2 
S © wwe owns +> 
o o OO Om O cow OG 


A.P.L, 10: 0 Take halſ che given Number, — 109 
10: 6 To half the given Number add a zoth of that half —— 110 
11:0 To half the given Number add a 1oth of that half —— 111 
11: From 6 Tenths take a 4oth of the given Number — 112 
12:0 Take 6- ioths of the given Number, as per previous 
—— Caſe 2, — — — — — 113 
12: To half Irie — 114 
13 : © Take 6 Tenths of the given Number, and add to a zcth 
, thereof — — (4 — — ww 175 * 
13 : 4 To half add a 6th of the given Number ——,. — 116 
14: Take 7 Tenths of the given Number, as per previous 
| Caſe 2. — — - 7 
14:6 To 7 Tenths add a 40th of the given Number — 118 
by: To { the given Number add half of that half, (or from Th 
the given Number take ) — — — 19 
— —ä — — * — — 
Example to Rule 104. | Example to Rule 112. | Example to Rule 115. 
559 at 75. 64. 365 at 11s. 6d. 169 at 13 5, 


| | | t 
an 8h=/.69:17:6 6,10thz= 219 : as p. Caſ.2. | 6,1oths 101 :. 8: 00 I: 
- | Multiply by « - 3 | 40th = 19: 2: 6ded. |a zoth=/.8: 9:00 


Prod. J 209: 12:6 | reſts= I 209: 17 : Anf. Sum, J 109: 17 : ooAn.| 
or Anſwer, | 


—" 


Note, That A. P. L. fignifies the Aliquot Parts of @ Pound 


104 Raul f Prattiee; - Cu. H. 


The — 
of the A Continuation of Rat for he fort Work of Number 
Pound, Ell, Practice. of 
Taru, N | Rates. 
i 8 From 8 Tenths {as per_ previous Caſe Es 4A of the; * 
; iven Number —— e | 
16:0 -T e 8 Tenths of the given Number | — 18 


16: 6 Take 8 Tenths add a 40th of the given Number —— — 122 
17:0 Tos Tenths add a 2oth of the given Number —— — 
17:6 From the given Number take an 8th thereof mmm — 124 
18:0 Take 9 Tenths of the given Number —— —— — 
18:6 To 9 Tenths add a 4oth of the given Number. —— — 
19:0 From the given Number take a 20th thereof —— —— — 127 
19:6 From the given Number. take a 4oth thereof — — — 1 


Note, That where pounds, Skillings, & are the Price of a 
Unit ; you muſt multiply. the U en 87 the Pounds, and 
- work for the Shillings, c. as before directed. See the 24 


Caſe of the noxt Section. 

per Cent. or The res" ſhreo how Intereſt, C to Faftors, Cuſtoms, 

100. ro 4 yt ore — s of Praftice, - _, 

I Cent. Take the 100th of the given Neunten, E per Rule 3. 
7 Prop. 3. in Diviſion.) — : 19 
| Take a 5oth of the given Number — — 130 
ff Take a 4oth of the given Number |— — — 131 
3 To a goth of the given Number add half that goth —— — 132 
4 Put down a goth of the given Number twice — 133 
44 T0 a goth add à goth of the given Number —— — 134 


5 Tanke a 2oth of the given Number ——= —— — — 135 


Take a 56th of the given Number, and put it down thrice (or 8 
| altiply it — — — — — — Ls nate 2 136 
multiply it by 3.) 
E Add a 2oth to a goth of the given Number — — = 137 
: + Multiply a goth of the given Number by 4. — 138 


From a 1oth of the given Number, take a oth of the Toth — 139 
10 per Cent. Take a 10th of the given Number — — — 140 


. Eight Examples to the Rules for finding Intereſt, &c, by Practice, viz. 
F TZrzz: 12:64 at-2 7p. C What 32354711 at WM 


AUD: 67d Anfrer. 20th is J 161: 15: 104 Auf 


hat 4. 933: 8: io nr per C. What . OO: 7 Tat per Cal 
2oth J. 46:13: 55 824318 
goth J 18:13: 45 = * tiply by 4 
Sum, J. 65: 6: 9+ Anſwer, | Prod. J 53: EL} 7 + Anſwer. 


What is 7 72: = F at 9 fer Cent. What Ligne: 19 11 at 10 per Cent. 
2 10this==/.4 | | a 10th is J. 197: 13: 102 Anſwer, 

a 10th of that roth 4: 14: 2 deduct. | 

reſteth = /. 42: to: 102 the Anſwer. | 


V hat is . 879: 10: 7 at 
rem 1.171194 | 
ultiply by - - "3 
Produceth 2:15:55 Anſwer. 


* 


dee more of computing Intereſt, in the Uſe of Decimals, Chap. III. 


- * . 
* 8 — 


ster W: Kals e, Prafiice." 105 


I ſhall next war's briefly ſhew the Uſe of Rules of Practice in ma- 
king Allowance for Tare; which is an Allowance for the Bag, or 
whatſoever a Commodity is pack'd up in, for ſome things more, 
ſome leſs. The Weight of the Goods, and. what contains them, is 
together called the Groſs Weight, and the Weight of the Goods 


alone is the nett Weight. 


Goods, - Allowance per No. of Rules for the ſhort Working. 

| the 112 B. N. | 

Currans — — — — + 16| 141 Take a th of thegroſs Weight. 
Almonds, Steel, Hemp — 14| 142 Take an 8th of the groſs We 
Allum, Salt-petre, Tallow, 12| 143|From an 8th take a 7th of 


ſtone, Coppe Take half of 
Brimſtone, ras, e half of a 7th of the 
Copper,  — —.—, 8] 144 roſs Weight. | 


Iron Wire, Latten Wire — 6| 145 [Take half of what ic comes to 
at 12, as above. 


Take a 4th of a 7th of the 


Feathers, Hops — — groſs Weight. | 
Cotton Yarn gib at ioo weight. 147 Take a 2oth, or half a 1oth 


Cotton - Wool, Lambs- 
Wool, and Paib.Wool, © 4 


of the groſs Weight. 

1148] A General Rule (eſpecially 
Example to Rule 143. for ſuch Rates of Tare as 
are moſt remote from being 
| C. gr. I. Aliquot Parts of 112 353 
Groſs 29:3: 24 at 12 per C. - as 3, 5, 9, 11, Sc.) is 

a is. LY 
18. . 432: 27% Multiply the groſs Hundreds 


a 7m of that 8,0: 2: 34 ded. from by the Pounds to be al- 
the 8th. lowed for 1 C. and for the 
Reſteth Tare 3:0: 234 = Anſw, | Quarters of Hundreds and 
or the Pounds take a Part pro- 
Nett Wt, 26:3 : ot; theGroſs,| portionable of the Allow- 
leſs the Tare.] ance per Hundred, and the 
Hines 3 | Sum is an eaſy way of gl- 

5 5 ving the Anſwer. 


P Examle 


* 


| Rules of Practice. Crap, I. 


| Example to Rule 145. The Example to Rule 143. done 
; C | according to this 2 Rule 


© -4 . qr. 1b. 
Groſs 37 2 12 at 12 Ih perC, 148. 

| — 2913: 248012 yer 
. 4222 Multip, J 72 C. or 


a7" of that 8, 0: 2: 19 deduct from | dee 2117. 
— the $th.|Prod. TYM: 


— 


Reſts=4:0: 3 = the Fare at|forthe 3 9s. 9 
— 12 per C.] thetb 24, 24 

3 of that is 2:0: 13 the Tareat 6 
per C.=Anf. its 3594 Sum, or 3 C. 


And ifded. —gr. 231 t 
| & chere reſt 5525 2 : 10% e as before. 


— 


— 


For Ou imported ese is allowed 18 oor Cay; n 112 . ) Tare: 
Now ſuppoſe I import 180 Hund. wt. how many Nett Tons and 
Gallons is there? 


The Proof, viz. 
£ A «| 80 Hundr. Groſ 
180: O: o Groſs. 180 Hundr. = 
[ Mauliply 4 94 ib per Nett Hun. 
Ton 9 : 00 Gall. 72 
Deduct 12 162 | 
| i6 ET 6(8T 
Ton : per Gal=74) 16920 t.(2256 (8 Ton, 
Nett 8: —— 252) 


240 Gal.reſt. 


 _ Rule 149.] Take a 2oth of the Groſs Hundreds, (is here 9 Ton.) 

For every Ton deduct 13 Gallon; ſog and 5 of 9 is 12, and the 
Remainer is the Anſwer, as is proved above. 

Now 18 per Cent. is 121 Gallon per Nett C. therefore what Hun- 
dreds are in Units place muſt be multiplied by 1213 and for the 
Quarters of C. and Pounds, take a proportionable part of 124 : from 
the Sum of all which, take the 14 Gallon per Ton. 

Another Example makes this plain; which I am minded to do, 
becauſe it has not been before. 

What Nett Tons and Gallons are in 189 C. 3 f. 21 b. Groſs? 


See the Operation. 
And 


Ritles of Priffice. 


Szcr. IV. ARS"... 
And for Proof of this Work by 
| the longer way, do thus: | 
[1891352 C. 1869 : 3:21 
| w in a Nett C. 94 multiply. 
Ton. Gall. 756 
91121 for the 189 C. 1701 
94 for 3 qrs. dos | 
24 for the 21 1. 17766 th in 189 C. 
* 88 th ad. And in 39.2106. 
9: 124 Sum, Groſs, ne oe Nets 
12 =9 and 3 of 9 deduct.] 7 per) 17854 Sum $8 3. thus 
Gall. Gall. 112. 94 :: 105. 88. 
9:112 reſts Nett Anſwer, 252)2380(gTon. 
Oe Oy. Auf 
and 112 fh reſt, 
as in the ſhorter way. 


V The Reaſon of the ſhort Rule. 
There are two things that ſeem to ſome as Difficulties in the 


ſhorter Way, viz. 


1. Why the Hundreds in Units Place, the Quarters and Pounds, 


are caſt up at the Rate of 124 per 


2. Why 13 is deduct- 
ed for every Ton. 

As to the 1ſt, you ſee 
in the Margin that in a 
Nett Hundred there are 
121 Gallons, and ſome- 
what more. And | 

As to the 2d, you m 


112 = the Groſs C. 
deduct 18 per C. the Tare. 


is 94 = the Nett C. 
W 71) (124 Gal. per C. 
Multiply by = 20 = the 


obſerve from the Wor 
in the Example above, 


Hund. in a Ton, and it gives 250}, which 
taken from the Ton groſs 252, there 


that the Units place of 
C. the Quarters and 
Pounds given, are work'd | . 
according to the Nett Meaſure of 121 Gall. per Nett C. But in 
taking a 20th of the Hundreds Groſs, (or half the Figures to the 
left hand the Units place of Hundreds) that half makes more than 
Nett Tons by 11 Gallon in every Ton, as per Margin above ; and 


that is the reaſon you deduct 13 in each Ton. 
P 2 | Note, 


Remains — — — — — 13 Gal. 
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\ © Note that Tret is an Allowance in Merchandize of J. 4 at 104 for 


the Duſt or Refuſe of the Commodity; and this is deducted out of 
the Suttle (which is the Remainer when the Tare is deducted). . 


Srer. V. Concerning GAIN and LOSS. 


＋ HIS is a Rule whereby Merchants or other Traders know 
(when they have bought any Commodity by wholeſale) how 
they may retale the ſame out, to make any certain Gain by the 
whole Parcel, or at any Rate per Cent. &c. ES 
Or when any Goods are damaged, they know hereby what they 
ſhall loſe per Cent. or by the whole, in ſelling the Pound, Ell, Yard, 
Ounce, Sc. at any Rate leſs than it coſt. "4 "IE 
I ſhall place this and the following Sections relating to the Buſi- 
neſs of Trade, Sc. in that Order which I judge moſt proper for 
them to be learnt ; not regarding what Method others have obſer. 
ved in treating thereof. 
Caſe 1.] When a Merchant buyeth Goods for a certain Sum, to find 
how the ſame may be retaled to gain a required Sum by the whole. 
Examp. A Merchant buys h 3780 Nett of Cotton-Wool, for 1261. 
what may he ſel! the ſame for per IB. to gain /.15 : 15 : by the Sale? 
Rule. Add J. 15: 15 : — to the Coſt, and * ö "Y 
the Sum is J. 141 : 15 —, Then ſay, If th 3780 8 1. 4 7 
coſt me l. 141: 15 : —, what will 1 w coſt? . 
Divide the Pence in 141 J. 15 5s. by 3780, and the Quotient is 9 d. 
which it muſt be ſold for per Pound, to gain /. 15; : 15: in all. 
Caſe 2. ] Admit I bought 15 Bales of Linnen at l. 17: 15 : per Bale, 
how much muſt I ſell it for per Bale, to gain 10 per Cent, by the Sale? 


1.266: 5:0 Bales 15 at 17 J. 155. each. 
Addy | 26:12:6 17 n 


The Value of the 25 ang 
Linnen,and 10 J. 292: 17: 6 
r Pr ES: J. 255 at 171. 
| 7: 10 at 10. 
2 he, by Practice, the Value 315 at 5. 
of the Bales is J. 266: 5:— 1. 266: 5 Val.oftheBales, 
Then as 100 to 10: : ſo l. 266: 5 24 0 J. ny | 


to J. 26: 12:6; which is the Ad- 100. 10.:: 266: 5, 26. 
Vance at 10 per Cent. which added Bales. 1, «5, d. Bale. I. s, d. 
as above, makes J. 292: 17: 6. 15. 292: 17:6: : 1. 19: 10:6 

; | Then 
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Then as 15 Bales to l. 292 17: 6 :: ſo is 1 Bale to J. 19: 10263 
which is the Anſwer: for 15 Bales at l. 19: 10: 6, is l. 292: 17: 6, 
the Coſt and Intereſt propoſed. 

Caſe 3.] A Merchant bought Broad - Cloth at J. 20 per Piece ready 
Money, and ſold it again for J. 25: 10: — per Piece, to be paid at 
the end of ſix Months: What does he gain per Cent. in 12 Months? 
Anſwer, J. 55 per Cent. | | 


Firſt ſay, As 20 the Coſt to l. 5 : 10 : — the Gain : : 
So is I. 100 to 1.27 : 10: — the Gain in ſix Months. 


Secondly ſay, As ſix Months to J. 27: 10 :— | 
So is 12 Months to J. 55 the Gain per Cent. per Ann. 
Caſe 4.] In Caſe of Loſs you muſt deduct inſtead of adding. Thus 
a Merchant bought 20 Bags, containing 6020 Ih Nett of Cotton for 
J. 301 ; but being demaged by Sea, he is willing to loſe 10 per Cent. 
What muſt he ſell it for per Pound, to loſe that Sum ? 


1ſt, You ſee by the 1 
firſt Proportion, that the L I. J. J. Loſs. 


Loſs by the whole will 100. 10. :: 301. 30: 2:— 
be J. 30: 2: — ; which | Deduct 30: 2: — | 
deducted from the Coſt, 0 Ws 
there remains J. 270 : 18. Remains J. 270 : 18 : — 
therefore as 6020 ß 4 


Cotton is to l. 270: 18:: Þ 6020. J. 270: 18 :—:: ß 1. 10:3 
ſo is 1 15 of Cotton to | 


10 d. 3, the Anſwer. 
This is ſufficient to ſhew the Arithmetical Work of Loſs and 


Gain: How the Account thereof (or of Profit and Loſs) is kept 
in Books of Accounts, is ſhewn in my Merchant's Magazine. But 
this Book is not intended to be a Treatiſe of Merchandize, but to 


reach all. kind of Arithmeric. 


Sxcr, VI. FELLOWSHIP, 


F ELLOWSHIP is the N of the Rule of Propor- 
tion, ſnewing what ſhare of Gain or Loſs every Merchant of 
thoſe who trade in company ſhall have, or bear in proportion to 
his ſhare of the general Stock; and conſequently by this Rule alſo ' 
thoſe who —_ ONE 03008 know — to ſettle their Ave- 
rages, in caſe part of what is inſured be loſt, proportionably to 
what each has ſubſcribed. < _ | / 4 


2 


S a 
- 


"= 
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So that this may be called the Rule of Diſtribution, or (in caſ; 

of Loſs) of Contribacken, (of the Profits obtained, or of Lol 
ſuſtained.) 056 | KI 

Queſt. 1.] Two Men let to freight a Ship, wherein the firſt hath 
bo, the other 7; and when the Voyage was performed, and all 
— 12 deducted, the Nett Profits are found i. 480: What muſt 
each have? | ; 

Rule.) In this Caſe divide the whole Gain by the Number of 
Shares, and multiply the Quotient by each Man's particular Share, 
and the Products are the Anſwers, thus : 

"rouge AS] 6) 480 (30 b 
16. 480 : :9. 270 16) 480 (30 by g isl. 270 = 1ſt, 
16, 480: 12 Ty 1 Way. —  by7is=/.210the2d. 


— O 


480 Sum. Proof J. 480 Sum. 


Queſt. 2.] Five Merchants trade in Company; A. put in 1173 J. 
B. 800, C. 977, D. 362, and E. 1000 l. and having each continued 
his Share firſt put in Stock till the Profits were computed and a 
Dividend made, they find they had gained by Trading 25312 J. 
What muſt each have ? | . 

This is beſt done by Sum or The Each Each Man's 
the Rule of Proportion, whole whole Man's Share of the 
as you ſee: For as the Stock. Gain. Stock. Gain. 
whole Stock is to the 4512, 25312:: 1173. A. 6380114 
whole Gain :: ſo is — © 4512. 25312:: 800. B. 448744 
very one's Share in the 4512. 25312:: 977. C. 548035% 
Stock to his Share in 4512. 25312:: 562. D. 3132411 


the Gain. 4512. 28312 :: 1000. E. 356097 
The Sum of the Fra- 22 — 
ctions is 4, as per Ad- The Sum for Proof, 25312 
dition of Vulgar Fra- 
ctions, Chap. II. Sec. 2. Head. 3. And the Ag of each Man's 


Profit makes the whole Gain; which proves the Truth of the Rule 
and Operations. 


Queſt. 3.] Three Men underwrite a Policy of Inſurance, viz. 
A. is contented with the Inſurance to pay in caſeof Loſs, I. 1000 


B. is contented with the Inſurance for — 750. 
C. for — — — 350 
Na it happen'd, that being cloſely purſued by — 


Pirates, they were obliged to lighten the Ship, by Sum 1, 2300 
throwing 
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throwing over · board Goods to the Value of J. 450; what muſt each 
Subſcriber bear of that Loſs, in proportion to what he has inſured? 

The Proportion is as 
the whole inſurec . L. Loſs, I. | 
is to the whole, Loſs, 2300. 450 :: 1000. 19545 = 4's Loſs, 
J. 450: fo is the Sum 2300. 450: : 750. 14647 = B*s Loſs. 
each Inſurer ſubſcribed 2300. 450 :: 550. 1074t= C's Loſs. 
to his Proportion of the 1 85 p 
Loſs, as appears by the Sum for Proof, J. 450 
Qperaziva in the Margin. 

Or if you would know what the Loſs is per Cent. to make the 
Areas | z this is only done by one ſingle direct Proportion thus, 

2300. 450 :; 100, 1955, which is the Rate per Cent. to be paid, as 
| ved. 
7 A's 10 Hund. multipl. by the Rate 194 gives /. 19511 
plying the B's 73 Hund. by the Rate 1933 gives J. 14633 
100 l. that C's 43 by the Rate 1934 produceth J. — 
each inſu- 
red by the Rate per Cent. as in the Margin. 

Queſt. 4.) Three Men ** ht 120 Acres of Land for J. 2400; 
for which A. was to 9 a 3d, and C. a 4th of the Charge, 
and were to have the like Propo rtion of the Land : how much muſt 
each pay, and have of the Lind, according to the true Intent and 
Meaning of their Contract? For to think that 3, 3, and 4, will make 
but one, is abſurd, becauſe a 3d is more than a Ach, and 3 and & 
makes 1, The Anſwer is found as follows. 


4 of Acres 120 is 60; and of J. 2400 1200 


8 is 403 and J. 800 
4 is 30; and — J. 600 
| Acres 130 Sums 1. 2600 
Too much by 10 and — J. 200 


Therefore T ſay, If 130 abate ro, and J. 2600 muſt abate J. 200; 
what muſt each abate, to anſwer the intended Contract? Thus 


Acres, Acres. | . G 
130. 10: : 60. 45 and if L2600. 200: : 1200. 924 = Fs Ded. 
130. 10: : 40, 383 — 1. 2600. 200:: 800. 61344 = Bs 
130. 10: : 30. 23 —  }, 2600, 200 :: 600, 468 = C's 
Acres 10 N Sums J. 200 
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So that the Deductions of the reſpective Acres and Pounds being 
made (as per the Rules in Subſtraction of Fractions) from their ap- 
parent Shares, above, | a en off 
| C 4. muſt have Acres 554, and pay J. 110744. ' 
| * An- < B. muſt have Acres 364, and — E 73 Nn. 
| * C. muſt have Acres 27 and pay Pi 56338. 


Acres 120 Sums J. 2400 Proof. 
Or the Analogies (or onions above, may-be done from the 
Parts each is to have, by reducing the Fractions 1, J, and 4, into a 
common Denominator; as &, 8, and : For 3 6 
As the Sum of the Numerators 13, is to 10, and to 200: 
So is each Numerator 6, 4, and 3, to the Proportion that each 
is to deduct, n Bugs e N. 
5 Acres. {ES VER þ 4 
Thus as 13. 10::6,44 And as 13. 200: : 6. 924. 
| 13. 10::4. 35 Andas 13. 200: : 4. 615. 
13. 10::3.25 And as 13. 200: : 3. 466. 


When Time is conſidered in Partnerſhip, Lou muſt multiply the 
Money in Stock by the Time it continued therein, and work with 
the Products as by the Rules above, and as in the Example fol- 
en | 48 9 * 
| Queſt 5.] A. and B. trade in Partnerſhip for one Year, A. Pr 
into Stock J. 200, and at 4 Months end he withdrew J. 40, and at 
__ 9 Months end put in J. 170. B. put in at firſt J. 150, and at 
| VI Months end J. 200 more, and at the end of 10 Months he takes 
1 out J. 160: they gain 700, what muſt each have of it? 
A's; 200: 4 Months is 800 
J. 160: 5 Months = 800 _ _ 2590 
I. 330: 3 Months=990 ) * 
B's l. 10:7 Months 22585 R 


J. 330: 3 Months r 1050 40 WV 
. 190: 2 Months = 380. n 
£ Sum Total = 50750 _ 
Then 5070. 700 : : 2590, 35743 = Ms Profit. 1 
| 5070. 700 : : 2480, 342539 B's, Sum J. 700 = the Proof. 
Queſt. 6.] A Ship's Company take a Prize worth 6000 J. Now 
the Captor having on board the following Officers, Midſhi — 


Ser. VII. Equation of Payments. 1123 
and Sailors, who are each to participate of the Prize Money accor- 
ding to his Pay and Time entred on board; which was thus. 


8 Ompcers entered on board 10 Mon. at 50 5. per Mo. What muſt 


each have of 


10 Midſhipmen — — — 9 Mon. at 35 5. per Mo. 
Ithe Prize? 


150 Sailors 2 — — — 8 Non. at 25 5. per Mo. 
| Jon. | | : 

8 multip, by 10, and that Prod. by J. 2 : 10, produceth l. 200: oo: oo 

10 mult. by q, and that ——by 1:15, gives —— 157 :10:00 

150 by 8, andthat——by 1: 3, is — — 1500:00:00 


— 


Sum 1857: 10:00 


kk: To be divided equal! 
k * o ivide ual 
As 18574. 6000 :: 200. 1.6469 J Among che Often 
18571. 6000 : : 157 : 10. 5083+, Among the Midſhipmen. 
- 18574. 6000 :: 1500. 4845 f, Among the Sailors, 


Sum for Proof J. 6000 


Sec, VII. Equation of Payments. 


Y this Rule or Part of the Application of Arithmetic, Men 
diſcover, when ſeveral Payments are due at different Times, 
how to fix upon one certain Time when the whole may be paid at 
once, without Loſs to the Debtor or Creditor, . 6 
The General and true Rule is, 

As the Total of the Sums payable: is to a Unit (or 1 Month) 

* the Sum of the Products made of each Sum in its reſpective 

ime, 

To the true Time when the whole ought to be paid. 

There is a certain Gentleman, who makes ſome Figure in theſe 
kind of Sciences, and he denies the Truth of this Rule; which I 
ſhall prove under my ſecond Queſtion to be juſt, notwithſtanding 
his Pretence of its being erroneous. : 

Queſt. 1 4 A. is indebted to B. J 100, to be paid at the end of three 
Months, alſo l. 200 to be paid at the end of 4 Months, and J. 300 
to be paid at the end of 5 Months : Now to prevent the trouble 
of many Meetings, they agree to have but one Payment of the three 
Sums at one time; the Queſtion is, when that muſt be, without 


loſs to either A. or B, 7 | 
att Q According 
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A to the foregoing Rule, 
. — by 3 Montho, meh 200 0 f 1600 67 


18 


200 82 — — — — 80 
. = 
1. 606 Sum * Mon. I. Mon. 


Then I ſay, 600. x :: 2600, 43, , 
The Time ſou _ is 44 Months; at the end of which time, if 


the 7. 600 be paid, neither Party will ſuſtain Loſs, as I ſhall prove 
by and by. 

Queſt. 2.) A. oweth B. 5 Sums of Money to be paid at 5 Pay- 
ments, viz. 

J. 100 ready Money | At what time muſt 
200 at the end of 3 a Month, or d of a Year, ? the whole be paid 
300 at 1 Month's end, without Loſs to A. 
400 at 3 Months end, | | or B? | 
500 at 6 Months end, Anſw. 35 onthe. 


J. 100 ready Money. 
200 multiplied by 4 a Month = l. 100 
300 by 1 Month — — — = 300 
400 by 3 Months —  — = 1200. 
500 by 6 Months — — = 3000 
1500 = Sum. 4600 
Then as 1500. 1 :: 4600. 300 = the Anſwer. 


Now that this is the true equated Time, will appear. thus : For 
if the Intereft of the reſpective Sums for their Times be equal to 
that of the whole for the equated Time, I think the Truth of the 
Anſwer cannot be denied. 

Now you'll find I. 100 ready Money Intereſt to be 7. o: ©: 

. 8: 
| 300 for 1 Month ts — — — 1: 5: 

400 for 3 Months is — — — 5:00: 

500 for 6 Mon. (all at 5 per Cent.) is 1 12:10: 


the Som =29.: 3: 4. 


Note, The I. And whoever will take the ſmall pains to examine, will find, 
ny — That the Intereſt of J. x 500 for 3% Months is the very ſame Sum. 
that of Har But no wonder he denics it, who denies the common Way of com- 


Fropertionably. puting 


Sic r. VII Eguation of Pam. 140 
ing ſimple Intereſt, tho“ always practiſed | 


ved to agree, tho' I never did ſee the Truth of Equation proved 
this way before; which I hope will be a Satisfaction to the 2 
ous, as well alſo the Novelty of the laſt Queſtion, c. . 

And as a farther Proof to ſhew the Agreement of other Rul 
to the firſt, (or common one above) and that it is univerfally true 
for any Sum; I will find the 3 time under the firſt Que- 
ſtion, without taking notice of the Sums of Money, only the Parts 
of any Sum, and of the Time when payable. As, 


| Parts of - Payable'at Produftsof Being 
am Sum - theſe Mon. theſetwo., Months | 


b at — 3 2 1 | 
J at 4 F 1 Che three add. 
z at 5 2 24 a 


Y N 


Sum = the equated Time above = 4} as before. 
And thus might the Equation of Time 2 8 Tables. 
Deſt. 3.] I lent my Friend If 500. 5. 750 
l. 500 for 5 Months; for wat 5 
time muſt he lend me J. 750, to | 
recompence my Kindneſs to 75) 2500 (33 Months for Anſw. 
him? This is done as in the 7 
Margin. \ | 
And for Proof of this, 25 
Iatereſt at 5 per Cent. of l 500 : 5 Months is J. 10: 8: 4 
| of l. 750 : 33 Months J. 10: 84 


| Ster. VIII. ARTE R. 


| © paper Commutation is a Rule among Traders, whereby they 
LI do, by confidering the Price of their Goods, whether as for 
ready Money, or advanced in Barter, fo proportion the Rates and 
Quantitres, as to know how much of one Specie may be exchanged 
for any quantity of another kind of Commodity. And all this is 

19 | "1-000 diſcovered 
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diſcovered by — of Single Dire Proportion as ap- 
pears 1 Examples. | 
Bl e, of Linnen/at 23. 94 per Ell; B. has 
2 at 314. 22 — much Cheeſe muſt B. give A. for his 
Linnen? See the Operatio 
In this Caſe it will de neceſſary to know the Value of £' Linen 


onl Shilling thus, | 
| re KT - 2dly, Then ny, If 316. buy x C. of 
iſt, es 5 Cheeſe, what will AS 10k * 


A Kue 185 ff. 
—— — 2 ee. och,. I, 
3504 at 25. p18 37. ir 4876 be - - 
1 that = 876 at 6 ]. e 5 SIVS==<(155} 
i chat = 438 at 3 4. r TL 
— 8 — 80 that B. aut ain. 4... — 
e 156K C. of Cheeſe 168 
| | Lr ——— 


ets » * 13 


veſt. 2.] 4. hay 52 Dozen of Hats = 624) which he values at 
2. 64. ready Money, But in Barter expects 2's. 9 d. per Hat. B. 


| has Cotton at 104. per Pound ready Money. How much Cotton 


muſt he give for the Hats, at a Price advanced in Barter proporti- 
onably to £'s Advance in Barter? © 
; 1 * 64. advances 3 d. what does B's 10 d. advance? 
30. 3: : 10. 1 = B's advance on a Pound of Cotton 3 ſo it 
| is 11 @. per Pound in Barter. | 
AR The Value of 624 Hats at 2 5 LS. is d. 20592. 
d. b Col. d. t Cott. 
» If 11. 1 :: 260592, 1872 for Anſwer. 
And * roof of this 624 Hats at 25.94. each is 1.85: 16: — 
and fo is 1872 b of Cotton at 11 d. per 15 l. 85: 16: 


— Wok 3] Two Merchants have various kinds of Goods to Bar- 
A. has Indian Silk 735 Yards at 8 3. d d. 4 in Barter will 
| have 10 5. 
nd Canes 532 at 3.5. but uin in Meder have's 4 4d. 
' Muſlin 16 Pieces at /. 44 but will have-in Barter 4. 105. 
| Þ. has Scarler Cloath at 1 1 per Yard — — 
Glafs Manufacture at J. o: 1: 8 per Pound, 9960 Money. 


e 4 per Pound, 9 2 
ow 


Sz er. MI. BARTER. _ _ 
How many Yards of Cloth; and Pounds of each Kind of Glaſs, (of 
each a like Number) muſt B. give A. ad bis Goods propor 
tionably alſo in Barter? To anſwer this Queſtion,  _ 
_ 1ſt, See what 4's Goods amount to at his bartering Price chus; 
735 Yards at 105. each, is J. 367: 10: o 
632 Canes at 3. 4 d. rler 88:13: 4 Sum 1. 528 : 324 
Muſlin 16 Pieces at 4: 10: O0 l. 72: Oo: oo 
2dly, The Difference between the Sums of 2. ma Money and 
bartering Price, is 11 5; 104 therefore what advance in 
— . is thus 
A che Sum of the Ready · Money Rate of one of each of A. 
Goods, J. 4 11:6 
15 to 11 f. 10 d. the Sum advanced upon one of each in Barter: 
So is B's l. 1: 4 : 00 the Sum of one of each of his Goods, 
To 35. 1 d. n , Advance in Barter; which muſt 8 
be 275. 1d. , for the Price of 1 of each of his Goods. 
.zdly ſay, If 27.5. 1 d. h buy one of cach of B's Commodities, 
what will 7. 528 g.: 4, the V ue of As Goods, I 
OY ves, | —_ 
1. | * 


1 N. 1 227 4, gepe 
80 that the Price of £s Goods will bay; 1911 F Bs 
Cloth, and as many Pounds, OE * 
And for Proof of this you'll find that 389#9 at 27 f. 1 dl. 
each, (being a Set of B's Goods, or 1 of each) will amount to 


L 528 : $2 4 4,. the Value of A's Goods, according to his advanced 
Price in 


* 


Or you may find che Price in Barter that B+ to rate each 
fort of his Goods : for, | B*s A ance in Barter. 
. 1 Sir $: 

As A 4 11 6. 11: * to 2 799 on Cloth 
4:11: 1 11: 1:8. to o: 2% on Glaks. 
4211: 6. 11: 2: 4. to o: 3: on ditto. 


icular Pri f B Goods, 
prove 15 . Fee the 1 12 Go N 


Whoſe 3 Products 
oa 


err — 20 Yard of Cloth, 
auen 1; 0 per b of Glaſs, added 

py 2 : 748%» per 1 ditto fine, make l 528: 3:4. 
But if. you were not to deliver an equal Number of each, but ac- 


3 you may now eaſily do the fame. 


rid. EXCHANGE. 'Crar. II. 
And thus Thave Fre us Reader a farther Account of the Uſe- 

' Fulnefs and Extent of this Rule of Barter, &c. than has been done by 
any Author before, to make it agreeable to the other parts of the 
Book foregoing ; all which I doubt not but will be gratefully ac- 
cepted by the Ingenious Reader. . AT 


SecT. IX. EXCHANGE. 


S the former or laſt Section exhibits Rules for the Bartering 

of one Commodity for another; ſo this ſhews how to ex- 
change Money for Money, or, in the way of Negotiation, Money 
for Bills, Sc. And therefore this is the proper place where Rules 
for Exchange ought to be inferted, as being another kind of Barter. 

1 I ſhall not here trouble the Reader with an unneceſſary and un- 
certain Account of the Value of foreign Coin of all Countries, 
(about which moſt differ) becaufe they who have Money to remit, 
muſt be governed by the Courſe of Exchange, and it is notorious 
that does riſe and fall according as foreign Trade is influenced by 
ſeyeral Circumſtances relating co this or that Country; only 1 ſhall 
ive the Wag and Value of the four ſeveral ſorts of Pieces of 


ight, becauſe they are current in-moſt places. 
: Weight. © True Value, 


1 Ka dw. gr. & 
The Piece of 8 Pillar I7:12 4:64 
Piece of 8 Seville — 17: 12 4:6 

Piece of 8 Mexico — 17 : 12 426 
Piece of 8 Peru ———17; 12 ——4:5 


And for the other Denomination of foreign Coin at Places which 
have Exchange with England, they are. 

1. The Pound Flemiſh 33 5. 44. in Value 1 Pound Sterling; in 
which Denomination London exchanges with Amſterdam, Rotterdam, 
R . 6 | Rx | 

2. In Pieces of 8 Mexico for E Pence, London exchanges 
with Madrid, Cadiz, Genoa, Ears 8 ran 

3. For Ducats (one being in real Value 45. 4. d.! Sterling) Lon- 
don exchan es with Venice. a 775 
4. For the French Crown (in Value 45. 6 d. Sterling.) London 
exchanges with Paris. | | 

5. For the Mill-rea of 6 5. 8 d. Sterling, London exchanges with 
: Oporto in Spain, and Liſbon in Portugal. 

| But 


N 


sner. X. EXCBANGE. 176 

Bot the Conrſe of Exchange is ſornetimes higher and lower than the 

Rates above, which are called the Par of — 4 

6. 1 ſhall next ſhew the Nature of Exchanging by Bill; and 2dly, 

how to caſt up Bills. ? (4000 8 
The firſt I cannot do more effectually than by giving the Form 

of a Foreign Bill, and that is thus: 

| Rotterdam, April 10. 1716. for J. 1272: 13 : 4 Flemiſþ at 33% 4.4, per Pound Sterl. | 

AT Uſance pay this my firſt of Exchange unto Mr Edward Jones, or his 

AA Order, Twelve Hundred Seventy-two Pounds Thirteen Shillings and Four 
Pence Flemiſh; Exchange at Thirty-three Shillings and Four Pence per 

Pound Sterl. for the#alue received of My John Hall, and account it to 


To Meffieurs Andrea and Jean Your Humble Servant, 
_ Varelſt Merchants in London. Herman Vanderſtagen. 


Hence *tis plain, that Hall pays the Money in Holland, (and is 
called the Remitter) to Vanderſtagen (who is the Drawer) drawing 
his Bill on the Yareiſts (his Correſpondents at London) to pay the 
Value to Jones at London, who is s Correſpondent. 

And chus there are, you ſee, four Perſons concerned in a Bill of 
Exchange, viz. the Remitter, the Drawer, he that pays the Bill, 
and he to whom it is paid. Note, Uſance is the Time between any Day 
of one Month to the ſame Day of the next. 

7. The next thing is to ſhew how this Bill, Sc. is converted into 
Pounds, Sc. Sterling Money, which is the principal thing intended 
by the Rule of Exchange as tis here placed; i. e. to ſhew how to 
reduce one Country's Coin to another. | A 

Ki Met 


” Flemiſh 1272: 13 4 A ſhorter Way thus: 
| 20 1 | 
s. d. —— J. 1272: 13: 4 Flem. © 
| 3 mult. 


33:4. 25433 
12 2 


atk I ; 
Pen. Flem. 400) 05440 (763 1. Divide by 5)3818:00:0 
| wok Anſwer = J. 763 : 12 : 0 Ster], 


" 9 net 
"7 ho 


240 reſts J. 
20 5s, mult. 


400) 4800 (125. 
1s * Li 
© So 
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So that in L 1272: 13: 4 Flemiſh, there are 1. 763: 12 : 00 Ster], 
And thus Dutch Money may be reduced to Enxgliſb at any Rate per 
Pound Sterling; but in the above, of 33 5. 4 d. Flemiſh per Pound, 
the Work is performed much ſhorter, as above toward che Right- 
Hand Margin. | | | | 5 
8. And if a Bill is drawn from Liſbon of Mill-Reas ＋ at 6x, 
10 d. Sterling per Mill-Rea ; how much Engi/o Money is that Bill? 


Mill rea. 5. d. Mill-reas. 
1. 6: 105: : 1432 1432 at 65. 10 d. 


on 


and 1140 =11:18:;8 


By Practice, += 479: 6:85 
And 1432 multiplied by 5, and divided by8=3 44: 58 


Anſwer, Sterling = l. 492: 19: 11 

9. Now ſuppoſe the Dutch Bill above be endorſed and ſent to 
Leghorn, at 36 d. Sterling per Piece of Eight; and if it be again en- 
dorſed at Leghorn, and remitted to Amſterdam, the Exchange at 93 
Pence Flemiſh per Piece of Eight: How many Pieces of Eight muſt 
be paid for the Bill at Leghorn, and how many Pounds Hani at 
Amſterdam, according to this Courſe of Exchange? 

1ſt, In J. 763: 12 in the Bill, there are 183264 Pence Sterling; 
which divided by 56, gives 3272+ Pieces of Eight. 

2dly, 32725 being multiplied by 933 Pence Flemiſb for each Piece 
of Eight, or 7 by produceth f Pence Flemiſb; and be- 
ing divided by 12, and then by 20, gives Pounds Flemiſb l. 1272: 13: 4 
as above, which proves the Truth of the whole Work. | 
10. But theſe Queſtions will be ſo eaſy to thoſe who have pro- 
ceeded e to learn thus far, that I need not enlarge much 
farther on this Rule of Exchange; what has been obſerved being 
ſufficient to ſhew how either the Coins, or Weights and Meaſures 
of one Country, are reduced to thoſe of any other. 

Eor in 32755 Flemiſh Ells there are 19653 ws 32755 
for a Flemiſh Ell is + of an Engliſh, or & rather, be- _ 6 
cauſe it ſaves the Work of Diviſion 

11. A Dutchman ſells 29380 Flemiſh Ells of Holland 196530 
Duck, to an Engliſhman, a Spaniard, an -[talian, and 
a Portugueſe, — are to have each a like quantity in their own 
Country Meaſure; how much muſt each have therein? A 
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The Dutch in Engliſb Ells are 17628, and | 
17628 Ells divided by 4, gives 4407 Ells Engl each, and 
. ** 3 7 4 Ly | | | er. 
4407 for the Spaniard at i» Canes per Ell Engliſo 3084 Canes. 
» 4407 for the 1talian at 2 Braces per Ell Enguſh. 8814 Braces. 
4407 for the Portugueſe at 1 Vare per Ell is — — 4407 Vares. 


This may be proved ſeveral ways, which I leave to the Reader's 
Judgment, . E199 x 
SET. X. ALLIGATION. 


LLIGATION may be called The Rule of Mixture, or of 
A compounding Ingredients, becauſe it teaches how to mix ſeveral 
Species of Simples according to any Intent or Deſign propoſed. It 
is either Medial or Alternate. 85 
Alligation Medial ſhews what the mean Price of a Pound, Ounce, 
Sc. is worth, when ſeveral Quantities of ſeveral Values are mix d 
together, Fc. as per the Caſes following, | 
Alligation Alternate ſhews how much of various kinds of Simples 
may be taken to make up any aſſigned Quantity of a Compound, 
which ſhall be worth a Price propoſed. PRION: 


f Of Medial Alligation. 
Caſe 1.] A Goldſmith hath Gold 125 at 41. per 5; 8 J at l. 4: 53 
3 J at l. 4: 6: 83 and 9 at J. 4: 13 : 4 per Ounce: what is an 
Ounce worth, ſuppoſe theſe be all melted down together? An- 
„ | | 
Rule.) Multiply each Quantity given by the Price ; then by di- 
rect Proportion, 
A4 s the Sum of the Quang given 
Is to the Sum of the {aid Products; 
So is one Ounce of the Mixture 
To its Value. See the Work following. 
Ounces Gold The Price of 1 F. | 
12 multiplied by 1.4 : o: o the Product is J. 48 . 
by 4: 5: o produceth— 34 
3 by 4: 6 : 8 produceth 13 
9 —— by 4: 13 : 4 pfoduceth —— 42 
32 Sum. | 137 Sum. 


— 


2 
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_ J. E. J. | 
Then ſay, 32. 137 :: 1. 4, or to . 4:5: 71. F 


And by the ſame Rule the Value of any other Quantity of that 
Compoſition is found: as ſuppoſe 7 in the laſt Example is worth 
294, for as LS SR 7 

Caſe 2] To incrlale 0 minis Compound proprs jonably, b 

7 2.] To iacreaſe or a onably, by 
knowing the ſeveral Quantities of the Simples in the Compoſition. 

Rule. As the Sum of the particular Quantities of the Compound 

given 

Is to the whole Quantity propoſed to be augmented or 

2 leſſened 3 . Fa 5 
So is each particular Quantity in iven Compoun 
Io the due proportion required of thatSpecie, Fineneſs, c. 

Example. I would augment the Compound in the laſt Caſe to 
48 J, that is, I would add 16 to the 32 ; how much muſt I take of 
each {imple Ingredient ? See the Operation. 

N 12 | 


Anſwer. 
8 I ben as 32. 16::12.56 
3 32, 10+; 8. 4 
9 98. 10:3 - 3+. 3S 
— . 9. 44 
Sum = 32 | — . 
Sum = 16 Proof to add. 


So that I muſt have 18 J of J. 4 per J. 
125 of 4:5: — 
43 of 1.4:6:8, and 
131 of J. 4: 13: 4. 


48 Sum for Proof, in the whole. 


* 


Caſe 3.) Having the Simples of any Compound given, to find 
how much of each kind of imple Ingredient is in any part of that 
Compoſition. | 

Rule. As the Total of the Compoſition i 

Is to the „ moare/ of any Simple in that Compoſition: 
So is the Total Quantity propoſed to be proportionably 
compounded, 


To the Quantity of each Simple to be in that propoſed 
Quantity, Is 
| | | Example 


* 
- . 
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Example. I would know how Anfever. 
much of each Ingredient (or 32. 12 ::12 54: of l. 4. per F. 
Price of Gold mentioned in 32. 12:: 8. 3 of 4:5 :— 
the firſt Caſe) is in a Pound 32. 12:: 3. 1 of 4:6:8 
or 12.5 of the 32, being the 32. 12:: 9. 33of 4:13:4 

given? See the 8 
Operation in che Margin. ; 5 12 Sum Proof. 

Caſe 4.] The, Total of the ; 
Compound of two Simples, with the Total Value of that Compo- 
ſition, and the Value of a Unit of each ſimple being given; to find 
the r the Compoſition. 

Rule. ulti- | 


ply the Total Gold at I. 4 per F. 

Quantity of the Ditto at . 4:5 
Genelec) by the — Compolicion 20 3. Total Value I be 
leſſer Price of 4 80 
the Unit (here l x od 
4), then deduct | $0 J. 9) 2(8 


Product from a 

the Total Value of the Compoſition (here 82), and divide the Re- 
mainer by the Difference in Value of a Unit of the two Simples 
given (as here 5.5. or 4 of a Pound) and the Quotient is the Quan- 
tity of the higher-prized Simple (here 8) whoſe Complement to 20 
is 12 : ſo that the Anſwer is 12 5 of J. 4 per Ounce, and 8 5 of 
I. 4: 5 per Ounce, This Canon I diſcover'd by Algebra, as ap- 

in the Solution of Queſtions by various Poſitions. 
Caſe 5.) To find the Quantities of each fimple * (when 

thoſe Simples are more than 2 in Number) contained in a Com 
ſition, by having the Totals of the Quantity compounded, and of 
the Value; and alſo the Value of a Unit of each e Ingredient 


given, as 
J of Gold at I. 4 per 5 = 
5 ditto at J. 4; = 
5 ditto at J 43 
5 ditto at J. 4# 


Tetal of the Compoſition 32 F. Total Value 1. 137 
Rule, To theſe kind of ** as in thaſe of Alligation Al- 
y 


ternate, various Anfwers may be given, and yet all true. You may 
R 2 beſt 
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beſt do them by 2 at a „ T-h- TS 
time, as in the laſt Caſe. ' 1ſt 2=15 and = 63 


I ſuppoſe the 2 firſt 15 4 | leſs — 60 deduR, 

of the total Mixture, — |. — 1410) 
and 63 of the total Va- Product = 60 ) 3-(12at 44: : 

Jue, and fo I find 3 at : — — mms 

J. 4, and 12 at 44. Then 2dly 15 6 63 deduct. 

the reſt of the total f 44 634 


Compound is 17, and 
of the Value 74 which, Product = 634 
according tothe 2 late aẽꝓ 
Prices, gives 16 at 43, the 2d 2 =17 and 74 
and 1 at 44. Frey | 48 733 deduct. 
But note, That you — — 

muſt ſo diſcreetly, divide Product = 733 J) (. at 4. 
the total Quantity, and 5 — 


249) $(#=3Aat4. 


— — 


Value, that when the laſtly —— 17 74 deduct. 
Product of the iſt in n 45 793 | 

of rhe 2 Prices is taken — ICY 

from the later, the Re- | 793 3) 53 ff orx6at 43 
mainer may not be ſo | : | | 
much. as 4 divided by the Difference of the Prices) will give 


1 a Quotient ſo great as that part of the total Quantity of the Ingre- 
| dient which you fix d upon, or ſuppoſed. See the — — 


| | (2 II. Alligation Alternate. | 
Queſt. 1. A Farmer hath 4 ſorts of Wheat, viz. 5 5. 6s, 75, and 
7 5. ö d. per Buſhel; and he is minded to mix ſo much of each ſort, 
as will make 64 Buſhels worth 6 s. 6 d. per Buſhel: how much of 
each ſort muſt he take? S115 HEE e 


Having placed tge Prices. Differences 

Prices as you ſee, | 1 4 
and the mean Price; 5 t 
take the Difference 6 o : 6 ſthe 1ſt 
between the mean Mean Price 6: 6 — Way. 
Price 65. 6 d. and | 7 o :6 : 
5 5. (the 1ſt Price) a 
which is 1 3. 6 d. this | 3 : 6 = Sum; 
you muſt put down | 

; (in the 1ſt Way) againſt 75, 64, (becaufe bigger than * — 


| 


enk, EEA us 


| Price.) Then 4 1 | Cary” re” 

o on, and put | A Second Way. Third Way. Sums.| 

e Difference . 4 1 p. 4. 
3 . * 5 0: 6 5. o:6;15h: 6 
6 d. Awad 4. 4, 6 1:0 . d. 6 o: 63 1 |t : 6 
Price, and 6. 6. 6. 626 — a 
(the 2d Price) | + 126 7 [|r:6; 6d] : of 
which is 6 d. a- 7260: 6 7:611:6; 6dj2 : o 
6 oj 
(7 5.) becauſe . | =7: 
8 Sum =3: Sum Total = 7 : o 
mean Price. tos | | | 
Then put the 


Difference between 6 5. 6 d. and 7 5. (the 3d Price) againſt 6 s. be- 

cauſe that is leſs than the mean Price. Laſtly, the Difference between 

65.6 d. and 7 5. 6 d. is 13. which put againſt 3, the firſt Price. 

And thus having put the Differences between the mean Price and 

thoſe leſs than it againſt the Prices bigger than the mean Price; 

and the Differences between the mean Price and thoſe greater than 

it, right againſt thoſe that are leſſer —_ 
2diy, Sum up the Differences, which you ſee is 3 J. 6 d. 1 
3dly, Say by the ſingle Rule of Proportion Direct, 


The Sum of Buſhels the The Dif- 


the Dit - whole MGx- ferences, Buſhels required. 
rences. ture. : f 
N d. 
5 :: 12. 1833 of that of 5 5s. per Buſhel. 


6 
» 6.4, 04.3. 6. 98 of that of 6 xs. per Buſhel. 
1 6. 9. of that of 7 5s. per Buſhel. 
6. 64:: 18. 2744 of that of 7 5s. 6d. per Buſh. 


Sum (or Proof) 64. being. the whole Mixture. ; | 


The Proportions by the ſecond Way of placing the Differences 
are thus: g. d. d. 

: 6. 64:: 6. 933 Buſhels of 5 . per Buſhel. 

: 6. 64 :: 12. 1843 Buſhels of 63. 

: 6. 64:: 18. 274% Buſhels of 7s. 

6. 64:: 6. 943 Buſhels of 75. 64, 


OP — 


64 Sum for Proof. 


UW UW ww vwW 


And 


LI 


G $ 
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And the Proportions by the third Way of placing the Differences 
are ſtill ORs Thus, | d 7 D 
. | 
As 7 or 84. 64: : 18. 13 Buſhels at 5 5. per Buſhel. 
84. 64: : 18. 1334 Buſhels at 63. 
84. 64: : 24. 188 Buſhels at 7 .. 
84. 64: : 24. 1834 Buſhels at 7 5. 6 dl. 


64 Sum as before. 


* 


4 


In the 2d Way you ſee that the Difference between the mean 
Price and 5; 5. is placed againſt the Price 7 5. and6 5. againſt 7 5. 6 d. 


7 5. againſt 5\s. and between the 6 5. 6 d. and 7 3. 6 d. againſt 6 5. 


- And in the 3d Variety, : ; 
. | . 5.756 © 
The Diff 7285 lh e 
ifference 7 . | is placed againſt ) and 
between 30 :6a0d the Prices — Y5 and 6 
7:6 and 6 


So that the Difference between the mean Price and thoſe leſs than 
it are placed againſt all thoſe greater than it; and the Difference 
between the mean Price and thoſe greater are placed againſt all thoſe 
that are leffer than it. Then the Sum of the Differences in each 
Line are added together in the Column next the right hand; as 
6 d. and 1 5. in the middle Column is 1 5. 6 d. in the third Column; 
and 1 J. 6 d. and 6 d. is 2 5. So the Sum of that third Column is 7 s. 
_—_— arifeth the Numbers in porportion, in the third Way or 
Variety. 

Hence you ſee, that there are three different Anſwers to one 
Queſtion, and yet they are all true, as fully giving what is required 
in the Demand; whence (as well as from placing the Differences 
in each) it may juſtly be called Alternate Allization. And far a 
thorow and intire Proof of this, I ſhall ſhew that 64 Buſhels at the 
mean Price 6 5. 6 d. per Buſhel, is (in the laſt ar moſt abſtrufe, tho 
beſt Way of the three Varities) the ſame Amount as each of the 
Quantities exhibited for Anfwers, being caſt up at the Prices given, 
and added together, amount to. Thus, 


64 Buſhels 


: : 
1 
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the whole to be mix'd at the mean! 
be Buſhels | Price 6 3. 6 d. Amount 40 26 216 20 


0 allo 1342 Buſh. of 5 5. per Buſh. comes to J. 3: 8 #4 


Az 
The Clear = i te i ts - , . 
Fg r 7 6 A 
Operation. 18K —— of 71. 6 d. 1.6: 1754 
64 Sum of the Sorts, Sum 2 J. 20: 16 = Total 
Value ut ſupra. 
I ſhall give one other Example, where there is only one Price 
leſſer than the mean Price; 
and this I ſhall do accord- 343 2.8 
ing to the Method of the S 
third Variety foregoing, that "7 } Bf So 
being the beſt, as making , 2 * "Fo 
the equalleſt Mixture: where E IP 35 
it is required to. know much * BYE " 
of 2, 5, 9, and 17 muſt be I Q | 
taken to make 100 of, or Q CAA — 
worth 4. See the Operation 23.—1, 5, 13, = 19 
in the Margin. | 4 
=the m 5 —2 = -4 
Pr. | —— — 2 
lee = 
this is as before | 
thus : ; Bam of all the ,, 
Ms =265 Differences 5 
8ats = 40 
8at 9 = 72 Anſwer. 
8 at 17 =136 Now 25. 100:: 19. 76 at2 5. 
| — 25. 100: : 2. 8 at 5 


Sum = 400 = 100 at 4. 25. 100:: 2. 8 at 9 
25, 100:: 2. 8 at 17 


Note, That if the Prices given were ever ſo many, the Method 
is the ſame, 


SECT. 
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8 Szer. XI. The Rule of Falſe. * | 


"HIS is ſo called not becauſe it requires any more Conjura- 

tion, or is more difficult to comprehend or perform than ſome 

of the Rules preceeding; but it is properly called The Rule of Falſe 

Suppoſition, becauſe by ſuppoling "Numbers to be the Anſwers to 

Queſtions which are not really ſo, but are feigned or ſuppoſed at 

leaſure, .we do by ſuch falſe 1 ' fititious ones diſcover the true 
umbers required. | 

An Exam Ka. or two will e- this, and I ſhall not inſiſt far- 
ther, becauſe the Solution of an eaſy ſimple Equation in Algebra 
anſwers not only any Queſtion in 1 Rule, but alſo gives at the 
ſame time a Canon whereby any Queſtion of the like kind is much 
more . and ſpeedily reſolved. 

Queſt. 1.) Three Merchants built a Ship, which coſt l. 1600. 
A. paid a Sum not known, B. paid double to 4. within l. 50, 
C. paid as much as f. and B. want- 
ing l. 100: W did each pay of the O rat. Suppo- Errors. 
Coſt: ? Colu = tions. 


1ſt, Suppoſe A. paid — 200] 200 
T hen, according to the Queſtion, B. paid | 350 | : 
And C. paid 450] 
Sum 7650 
But it ſhould have been by 1600, therefore the 
2d, Suppoſe al 250| 230 
Then it chene that B. paid — — , 
And C. paid, (according to the Queſtion) boc 60 


Sum 1300 

Which is therefore ſtill too little by —| 300 
Then — the 1ſt Poſition N 6 1 
the 2d Error 


And the 2d ſuppoſe in — fr Error, gi gives 13 


The Difference of the Product is = 9 
Which divided by the Differ. of the Errors (3 00) 


The Anſwer is, that A. put in —— - 300 
| Then B. put in 55 
And C. 75 


Sum for Proof 1 


ster. Xl. The-Rule of F. | us 
Here you ſee, that the Suppoſitions and Errors being multiplied, 
ou divide the Difference of the Products by the Difference of the 
| Eivors, which you muſt always do when the Errors are both Sur- 
pluſages, or both Deficiencies of the ſuppoſed Numbers. 
But if the one Error is cauſed by ſuppoſing too much, the other 
by ſuppoſing too little; then you mult divide the Sum of the ſaid 
Products by the Sym of the Errots, and the Quotient is the An- 
ſwer, as in the next Example appears: which Rule you may retain 
in mind by this Diſtich; : 
When Errors are not both of the ſame kind, 
To add the Products, as the Errors, mind: _ 
But if they're both too ſmall, or both too much, 
Subſtraftion muſt be us d in Caſes ſuch. 


Queſt. 2.] Admit a Church hath a Choir (or Chance!) 40 foot long; 
and that the Ground taken up by the Belfrey is t of the Chancel, 
and 4 of the Nave, or Body ; the Nave (or Body of the Church) is 
3 times the Length of the Belfrey, and 4 the Chancel : how long is 
the whole Church within the W and every Part of it? 


\ 


Firſt find the Length of the Nave or Suppo-j | 
main Body of the Church, for then the The Ope- fitions.| Errors. 
reſt are diſcovered, thus: N ration. , 
I, Suppoſe the Nave be — — — — — 150 | ; 

8 of that i — — — — 25 K 


{ of the Chancel — — — 10 
Sum, is the Belfrey — — 35 | 
Then the Nave (according to the Que- T___ | 

Air * ** ods 
Which bil tas 130 fopnofel, the Each „ 
c 1 3o ſu 5 1 15 

g. Suppoſe the Mo ho _ — — — 102 : 
tofthty — — — — 17 | 
3 of the Chancel is — — — 10 1 
The Sum or Belfrey is — — 27 | 
3 times that Belfrey is — — — 1 

+ of the Chancel is — — — — 3 
Sum is — — 111 


Which being more than the 102 ſuppoſed, che Error is|———| 9 


8 Now 
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Now the Product of 150 by 9 is — — — 1350 * 
And of the 102 by the 15, gives 1530 


Which 2 Products I am to add according to n 
the Rule, becauſe the 1ſt Error was the effect of 2880 
ſuppoſing too much, the 2d of ſuppoling t | 
little; and the Sum is — — — — — 


o 


That divided by the Sum of the Errors = 24 158 
gives the thof the Nave of the Church 
| And the Chancel being 40 
And the Belfrey 4 of 120 and : of 40 is 30 


The Length of the whole Church is = 190 | 


And you'll find theſe 3 Dimenſions (120, 40, and 30) to anſwer in; 
all abet what is propoſed in the Queſtion, which is a Proof of 
the Work. | r 8 

And thus you have a clear and perſpicuous Method of ſolving 
Queſtions in this Rule of Falſe Poſition 3 which may ſuffice till we 
come to Algebra, where the Reader will find a great Variety of 
Problems anſwered the beſt and ſhorteſt way, conſiſtent with de- 
_ monſtrative Plainneſs. 

The Canon for anſwering Queſtions of like nature with the-1ſt, is 
this : Divide the whole Value of the Ship, more twice-what B. aba- 
teth of paying double to A. more what C. abateth of paying as much 
as A. and B. by 6, and the Quotient is what A. paid. And this Ca- 
non holds, vary the Numbers as you pleaſe, keeping to the Words. 

' The Canon anſwerin ef of like nature with the 2d, is, 
Whatſoe ver Length the Chancel of the Church is, if that be multi- 
plied by 3, it gives the length of the Body of the Church propor- 
tioned as in the * 6" as 3 times 40 is 120. But if you ſuppoſe 
the Chancel 60, then is the Nave 180, and the Belfrey 45, in all 
285. For Proof 4 of the Nave, and 1 of the Chancel 60, is 45 = 
„ z and 3 times that (or 135) added to of the Chancel, 
18 180. . 


* 
4 


Single Poſition.. 


But there are ſore ueſtions anſwered by one ſingle Suppoſition, 
with the help of the Rule of Proportion,, As for . N | a | 
| xampie.] 


- 
* 


* 


Sxer. I. Notation and Numerat ion. {ad 
Example] Three Men build. a Houſe, which coſt 7,300, A. 
paid a Sum unknown, B. paid twice as much, and C. paid 3 times 
Þ much; what did each pay of the J. 300? | 
I I ſuppoſe A. 1. 40, then B. mult pay 80, and C. = 120; the Sum 
of which is but J. 240, inſtead of l. 300. Then I ſay, 
If 240 doth ariſe from ſuppoſing 40, 
What Number will 300 be the Reſult of? 
The Anſwer is 30; for 7 
; 240. 40 :: 300. 50 
Now that 50 5s Sore that A, paid, may be proved thus: 
80 
B. paid = 100 >Sum == 300 for Proof, 
C. paid = 150 


"_ 


— 


Here ends VULGAR ARITHMETIC, 


— , —_— — ——_ 
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ID CHAP III. 
DECIMAL ARITHMETIC. 


Scr. I. Notation and Numeration. 
77 & HIS kind of Arithmetic takes its Name from the Nature 


of the Denominator, which is always 10, or ſome Power 
of 10; in which only it differs from a Vulgar Fraction : 
for as that has any promiſcuous Number for its Denominator, ſo a 
Decimal Fraction hath always 10, 100, 1000, 10000, Sc. for its 
- Denominator. 
2. Hence *tis eaſy (the Denominators of Decimals being ſo few 
in compariſon of Vulgar, and ſo certain) to expreſs a Decimal 
Fraction without its Denominator, by ſeparating ſo many places of 
the Numerator, as the Denominator hath of Cyphers, by a Point: 
Thus w is wrote .5 ; d is .25 3 184 is 07g, Sc. And if (as in 
the laſt) there be not ſo many places in the Numerator as there are 
Cyphers in its Denominator, you muſt make up that Number by 
placing a Cypher or Cyphers towards the left hand of the Nume- 
rator. a | | 


S 2 | 3. The 


0 | fr 10 11 * 7 17 
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3. The Nature of a Decimal Fraction will farther appear by 


what follows: 


k = | = ” . 4 
The Unit. [ 
_ — — ** pps 


10 1]5 20 25 303540 45 8e 5[5- | 
We Eid Mane en 
« ; rams of the Unit (as) TED Oe 1228 


The uppermoſt Line (un) is a Unit; the Line (e 20) is of Vulgar 
Fractions of that Unit, whoſe common Denominator is 20 ; and 
the Line (a, 100) is of Decimal Fractions of the Line (u) whoſe 
Denominator is 100. 

And here the Decimal Fraction ** or. 15 is equal to the Vulgar 


Fraction ; .35 is equal to 2 .85 equal to 18, &c. 


- 4. But that FR may . be the better able to read or Write down 
any Decimal Fraction properly, take the 8 Table; the 
ords at the head of which ſnew how to read the Numerator, and 
thoſe toward the right hand, to read the Denominator. 4 
; J 2 + * 
Fa 
e | 
| S | 
N D Hf 
( 5 E 5 5 > 
1 S 5.0 > 2 2 
DFS "50.8 
EE IEEE a 
.012345 6 7 8 9 Ten Thouſand Million! * 
.02 3 4 5 6 7 8 9 Thouſand Million 
| .2 3 45 6 7 8 9 Hundred Million 
Ci 3 4 5 6 7 8 9 Ten Million 
£ .0 5 6 7 8 9 Million | 
| 0 7 8 5 Hundred Thoufand f Parts. 
4 .0 o © 9 Ten Thouſand. | 
f «7 8 9 Thouſand 
IF .8 9 Hundred | 
1 . 9 Tenth 14 | 
— — — 


Scr. I. 


Notation. and Numeration. = 


. There is not, nor can be, any Fraction invented, ſo eaſy to 
* becauſe ſo like to an intire Number, as the Decimal ; for 


work, 


chere is the ſame Increaſe of the Places Values in theſe as in 


Integers, as appea 


rs by the following Table, from the One 


Hundred Millionth Part of a Unit to 100000000 of Units, as 


111111111.111111111; and thus every 
hand is ten times that towards the right. 


1 Parts ; 10 times that, is 
rerrvvvd Parts; 10 times that, is 
revue Parts; 10 times that, is 
rervv Parts ; 10 times that, is 
T5555 Parts; 10 times that, is 
755 Parts; 10 times that, is 
754 Parts; 10 times that, is 
54 Parts ; 10 times that, is 


1 ora Unit; 10 times that, is 


100; 10 times that, is 
1000 ; or 10 times that, is 
10000 3-10 times that, is 
100000 z 10 times that, is 
1000000 3 10 times that, is 
10000000 3 10 times that, is 
| 100000000 3 c. 


10 or 10 Units; 10 times that, is 


a 


; 


place towards the left 


6. Decimals are pro- 
duced from Vu 
Fractions, they being 
the Quotients ariſing 
by dividing the Nu- 
merator, (with Cyphers 
annexed toward the 
right hand) by the 
Denominator. Hence 
it follows, that ſome 
Decimals are Compleat, 
and others Infinite. 


7,1 call that a Com- 
pleat Decimal, when 


nothing remains of the 
faid Diviſion by which 


+ 5 the Decimal is made. 

2 And to diſtinguiſh a 
Compleat Decimal, you may put a Period after the laſt Figure to- 
wards the right hand thus .0125. and .00375. ; and thoſe not hav- 
ing ſuch Mark, are ſuppoſed to be Infinite. | 

'The more Places an Infinite Decimal confiſteth of, the more it 

refſeth the Truth. 
 T call that an Infinite Decimal, which is no Aliquot Part of the 
Dividend by the Diviſor that produceth ſuch Decimal, but fome- 
thing will always remain in dividing. 

Infinite Decimals are compoſed either of uncertain Digits, as 
-146129, Cc. or of thoſe certain and known, as .333, Cc. .44444, 
Sc. The former of theſe ought to have places more or leſs, ac- 
cording to the Uſe that is to be made of them, (for which I have 
ven a Table to direct at the beginning of Diviſion, Se#. 6. fol- 
wing.) But Infinite Decimals compoſed of certain Digits, — for 


m . 


4 * 
VF * 
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ſhortneſs be wrote thus: The Decimal of 4 which is. 33333333, Ge. 
may be .3r that is 3 repeated infinitely ; or if a Digit repeat after 
others are in the Quotient, they will ſtand thus: 
.83# 1 which ſhews that 1 (or the 3) is only repeated. 
.285714285714, &c. hath 6 repeating, wrote thus. 285714 7 6 
And ſhews that 6 of the Digits next the left hand would be re. 
peated by carrying on the Diviſion ad infinitum. And theſe by ſome 
are called circulating Numbers, all which kinds of Decimals are 
produced by Diviſion thus: * 1 5 


Divi Digits Decimals Divi- Digits Decimals 
I ſors. divided. ariſing. | ſors. divided. ariſing. 
9 | 8.0 8 7 7 1 857142 76 
48 7 r 5.000000 714286 1 6 
6. 6 7 4.000000 671428 f 6 
8 1.000000 .142857 716 
1. 0 .1r 6 5. oo 1.83 11 
JJV NTT Sr. 
| | 5-000 625. [7.00 [16 71 
| | 3-900 375. 5 40 8. | 
1 ] 1.000 | .125. . | 
) Y, | 


A mixt Number (or one compoſed of a whole Number and 
Decimal) is thus written 365.128. 1728.34617, and 232.67, &c. 
And this ſhall ſuffice to ſhew the Nature of Decimals, and how 
to read and write any. I ſhall next paſs on to Reduction, and the 
reſt of the Rules, inſerting only ſuch Examples as are likely to 
accrue in Practice; and avoiding all thoſe that are impertinent, and 
tend to perplex the Reader, and make this Part of Arithmetic 
abſtruſe and tedious, which in reality is moſt eaſy and obvious. 


SzcT, Il. Reduction of Decimals. 


T is almoſt as improper to treat of Addition and the other 

| Rules before this of Reduction in Fractions, as to teach Reducti- 
on before the Parts of ſingle Arithmetic in Integers: for what can be 
more irregular, than to ſhew how to add, ſubſtract, c. thoſe 
Numbers, which you neither know the Production of, nor how to 


diſcover 


SecTt.11. Reauttion of Decimals. N. 12g 
diſcover what Parts of Coin, Weight, Cc. they repreſent or in- 
clude? Therefore | 

I ſhall, as is uſual, as well as juſtly and methodically done, in the 
next place ſhew, how to reduce Vulgar Fractions of inferior Deno- 
minations to Decimals of ſuperior, conſidered as Integers of thoſe 
Fractions; and, by way of Proof thereof, give Rules and Exam- 
ples to find the Values of thoſe Decimals or any other. 


I. To reduce Vulgar Fractions into Decimals. 
A Decimal of 4 places, nay generally of 3, is ſufficient, when 
that Decimal is not to be multiplied by any Number: Therefore 
the Denominator of a Decimal of 4 places being (as ſhewed before 
10000, the Proportion will be for any Fraction in general, to find 
the Numerator of ſuch a Decimal ; | 
As the Denominator of the Fraction given 
Is to the Numerator of that Vulgar Fraction : : 
So is the Denominator of the Decimal (admit 10000) 
To its Numerator or the Decimal required. 
Example.) What is the Decimal of 32 
Here it may be oh- | 
ferved, Rule = As. 39. 27:: 10000. .6923 = the Anſwer. 
1ſt, That a Cypher 39) 2700000 (.6923 
next the right hand of 
my Decimal may be 
omitted, becauſe the 
_ fame place in the De- 
nominator is a Cypher 
alſo : Thus met 18. 
188808, and i555 is 
1581858 : that is, 5% 
is equal to , and 
155 to 18, in their loweſt Terms. 
2dly, Note for a General Rule, That you muſt always ſet of with 
4 Point ſo many places of the Quotient for your Decimal, as the Number 
of Cyphers in the propoſed Denominator (according to the beginning of the 
ſt Set). And f there be not ſo many Figures in the Quotient, as there 
are Cyphers in the Denominator given, then that Number muſt be made 
up by putting Cyphers towards the left hand next the Point in the Quotient 
or Decimal. 
3. Hence it follows, That to reduce Coin, Weight, Meaſure, 8c. 10 
the Decimals of an higher Denomination, may caſily be ns of 
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2 them in Vulgar Fractions, and then reducing 
thoſe Vulgar 2— 2 | 

So to reduce 344. to the Decimal of a Pound, I conſider that this 
is 13 Farthings, and that a Farthing is 95» of a Pound: therefore 
13 475. is 9 of a Pound. So that | | 


- 960. 13: : 10000. .0135 = the Decimal ſought. 


Hereupon multiplying and dividing, I find the Quotient 135 ; but 
becauſe there are 4 Cyphers in the Denominator (or 10000) given, 
therefore I muſt have 4 places towards the right hand of the Point 
for the Decimal, which 4th place I make up with a Cypher, as you 
ſeez and the Converſe of this Proportion reduceth any Decimal to 
a Vulgar Fraction ; or one Vulgar Fraction may be reduted to 
any other, whoſe Numerator or „ is given. For 


135, &c. 10000 : : 13. 960 or 10000. 135, Sc.: : 960. 13 


Or if you would reduce the given Vulgar Fraction to another whoſe 
Denominator is 12372, the Proportion holds thus: 


960. 13: : 12372. 1671H*% 
So that 13542 is near equal to d or .0135 


Which may ſuffice to ſhew how to reduce any one Fraction to an- 
other and conſequently a Vulgar to another whoſe Denominator is 
IO, 100, Sc. i. e. any . to a Decimal. 25 
And this puts me in mind of a new kind of Decimal that might 
be contrived, which would not only admit of being expreſſed in one 
Line as the common Decimal; but whereas that Decimal ſaves 
much of Diviſion (which is its Excellency) ſo this new one would 
ſave much trouble of Multiplication : and that is, by reducing all 
| Mis or Fractions to one whoſe Numeritor is 10, 100, 1000, c. 
And the Numerator might be ſhewn, by pointing over the Figure 
in the Denominator, where the 1 or place next the left hand of the 


Numerator would fall: thus 1452 is wrote 1472 : 1 is 1472; and 

4393 1472. But I ſhall leave this Notion to be improved by the 

Ingenious, if thought worth their while ; and beg the Reader's 

ardon for this ſmall Digreſſion, which there is not room in this 
k to inlarge on. | | 


U. 7o 
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II. 20 reduce Weight, &c. to Decimals, as . 2.3, Kc. above. 


Deci malt 


lh 


1. 1 20, is f C. And 112. 104 :: 
Er. 
2. In Troy Weight 11 : 12: 10, is $538. And 5760. 5578 :: 
this 1 Fraction of 2 Beer- Barrel 288. And 288. 
And thus I have full 
Note, That .9 of any loweſt Denomination, or . 


18, is 14 C. And 112. 18 :: 
0z. dro. 
Gall. Find. 
3. In Liquid Meaſure 1: 3 : * 
Meaſure 1 Pint is ; 14 ofa Qr. And 512. 
In — Meaſ. 1 Yardis,,,g of a Mile. And 1760. 
cimals. I ſhall proceed in the third place, 
5 III. To find the Values of Decimal;, 
may be taken for a ev as in the laſt of the 3 
lowing, Cc. 


Fs 


10000. 
10000. 


10000, 


10000. . 
10000. 


100000 _—_— 


y ſhewed the Fundamentals of making 


of an higheſt, 
Examples fol- 


To Find the Values (as in theſe Examples) you muſt multiply as in WW 
the 2d, 4th, 6th, and 8th Columns. 
Value. Decimals Value. Decimal¶ Value. Decimals Value. |[Decimals of a 
of a L. of 1 C. of 1 15 Barrel of 
Sterl. as wt. as Troy, a Beer, as 
0135 9285 9684 1.0382 
by 20 5. by 49rs. by 12 by 4 
* ) 44 1 W 92 5 
2700 [9rs. 3.7 140 J 11 6208 1528 Firt. 
by 12 d. [by 71] by 20 by 9 Gal. 
Pen. 3 [.2400 | 4.9980 du 12.4160 |Gal. 11.3752 
| by 497 by 41. | by 6 8 Pints. 
9600 | Ib 19.9920 244960 Pint, N 
or 1 or 20 by 4 
Farth, Pound. | 
grs. 8 
| or 10 92 
DE 8 
And cut off as many Places from the right hand of each Product, as 
there are in the Decimal given. * prove the Examples above of | 
the ſame Denominations. 


—_ 


S 


Note, 


1% &Reduibion of Deeiman. Cnar, III. 


, 


_ »Nete,” That in the ad Example I multiply .7140 by 7, and that 
Product by 4, inſtead of multiplying .7140 by 28, the Pounds in 


a Quarter of an Hundred. , And inthe 3d Example, becauſe I can- 


not multiply .4160 by 24, as by 1 Figure, therefore I firft multiply 
it by 6, and that Product by 45 which Methods produce the fame 
thing as multiplying .7140 by 28, and . 4160 by 24, only there is 
Addition ſaved in each Example. 3 


IV. A ſecond Way to find the Decimal of any thing, deduced from 
| | the four laſt Examples. ; ES 


From a due Conſideration of the laſt Examples, you may, by a 
direct contrary way of Operation, find the Decimals of any Deno- 
- 42-4 here dividing, whereas there you multiplied. For in- 

ce, | 


* 


8 reduce To reduce 
of a De-] Qnsotients or « | Quotients or D to a De- Duotients or 
& | cimal of | Anſwers. Anſwers. 8 eimal of | Anſwers. 
= a Pound. * Js: * J. Troy. 
14. o oi 354167 105 0.92857 =3dgu. J. 96844 quo. 

of . vy.0 J. 2708312 2 71428 ade. 12] oz. 1116208371239. 

12 Pence 3 l. 25 = iſt quote. il ſt gate. 20] dw. 12 .41671=2d g. 
5 gu 
Forth. i | | . 6 2|-5=1 quote. 
| 4 4 or. 101 


. Having put down your Denominations that you would reduce 


into the Decimal of an higher, as you ſee in theſe Examples, begin 


at the loweſt to divide by the proper Diviſor for reducing into the 
next ſuperior Denomination, putting, or imagining, Cyphers to 
ſtand in the Decimal places toward the right hand. But, b 
2. You will obſerve from theſe E es, that the mixt Num- 
bers, .as' 3.25 Pence, 3.7428 Quarters of a C. are the Dividends, 
and that the Decimals are the Quotjents : Thus I firſt divide 1 Far- 


thing or 1.00 by 4, and put the Quote to the right hand of the 3 


2 for the Decimal of a Penny; then I divide 3.25 by 12, Cc. 
ut, | 3 | | 

3. In the ſecond Example, inſtead of dividing th 20 by 28, I di- 
vide it at twice by 4, and that Quote by 7; and alſo in the third 
Example, inſtead of dividing by 24 Grains, I (in this Caſe putting 
down only the Quotient, and doing the reſt mentally) divide by 
the Digits 4 and 6, which amounts to the ſame thing. | 


— 1 • 
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85 V. Some brief Ways of Reduction of Dodimels | 


There are in many Inſtances much ſhorter Ways both of making 
Decimals and of finding their Value. | 
1. As to the firſt, any even Num- The Decimal of 65. is .3.7. 
ber of Shillings under 20 are reduced” 12— 76, _ 
to the Decimal of a Pound, by taking 14— . 
half thereof; and thus you ſee in the 18 — 9. 
Margin. nor | | 
2. Any odd Number of Shillings 8 
under 20 are made Save worms of — 3.0 2. 15 
Pound b tting a er towar 02 4 
the ri * — hen king the half, if = 85 
as in k 4 Margin. 17.0 = 85 


3. From hence it is plain, that any ; 
Number of Shillings may have their Decimals put down as ſoon as 
named, by taking half the even Number; and for the 1 5. (in an 
odd Number) you ſee that it is always g in the 2d place from the 
Point. 2 

4. To put any Pence and Farthings down in the Decimal of a Pound, 
conſider what Farthings they make, and put them down in the 24 and 3d 
places from the Point: But after the Fartbings are 24 or more, add 1, to 
the third place in the Decimal. And thus 19s. 7 d. + is put down in 4 
Decimal immediately .982 ; for the 19s. is .q95, and the 7% is 31 Far- 
things, more 1 becauſe 1 muſt be added at every 24, is 32; which added 
to the 24 and 3d places from the Point in .95, the Sum is .g82. And, 
5. If you deſire to be ſo exact to have a 4th place from the Point, 

ou may make the Figure in the 4th place 1 more than a 3d of what 

arthings are in the Farthings given, a 
when they do not exceed 23. As in the | May be put 

d Example of the 4 in the Margin, d. inDecimal. 
or 165. I put 8; for 94.5% or 38 Far- 3 - 4187 
things I put 39 in the 2d and 3d pla- :  254——,6594 
ces, becauſe 38 is 13 above 25. Then : , 03i—— 8395 _, 
for the 3d Place I take 4 of 13, which 19 11 9989 
is 4; to which I add 1, and the Sum © W 
is 5 for the 4th place from the Point. | — 8 

So alſo in the 4th Example for the 19 s. I put. 93, for the 6 d. of 
the 114, I put 23, (that is, 1 added at 6. d.) laſtly, for the 5 d. 4 
(the reſt of the 114, * put j of 24, more . 

1 


For 
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For note, That when the Farthings given are under, or ſo much as 
they are more than 24, you muſt takea third part of that Sum they 
are next to, which can be divided without a Remainer; as in the 
laſt, I take 4 of 24, becauſe 23 is nearer 24 than it is to 22. 

And thus the Decimal of a Pound may be wrote to 4 places at 

once, or mentally computed, in a fifth part of the time it can be 

found by the nearer of the Ways above, and that near enough the 
Truth, unleſs it be required to be multiplied, as is before men- 
tioned, and as in the Table at the beginning of Diviſion, 

6. The Value alſo of any Decimal of a —_ 4: ©... 0 
Pound may be found by KN For i 912 2 18: 2. 30 
the place next the Point be doubled, it gives 2323= 2 1 61 
the Shillings, to which add 1 s. jo often as 754 = 15 2: 1 
the 2d place is 5 or more, for the reaſon 8766 = 17 : 6F 
under the 2d Rule above z, then call what 9877 = 19 : 9 
20 5 (or _ than 5) *. 4 lace l 
o many Tens of Farthings, the Digit in the 3d place y Units; 
and as es as they 1 make he heb by 1. . "TP 

Or more accurately thus; tho* the Rule above may be thought 
near enough, as not erring a Farthing : 

If the Farthings under or) 6, and under 19, deduct a Farthing. 
above 5 in the ad place from( 19, + 33, I 
the Point, and thoſe in thef 33, = 8 14 
3d place be — — — — 545 andupward ——2 

And ſo often as the 4th place is 6 or more, -you may add half a 
Farthing. | 

And after this manner you may read Decimals in Shillings, Pence, 
Sc. as faſt as if they were wrote ſo; as I have examined many a 
thouſand, having the Species read to me looking on the Decimals, 
which if continued to ever ſo many places, they alter not the Rules 
above. 6 | 

Note, That theſe Allowances or Deductions are made becauſe the 
Rule ſuppoſeth 1000 Farthings in a Pound Sterling, whereas there 
are but 960 ; therefore if 1000 Farthings is 40 more than the Truth, 
500 is 20 more, 250 is 10, or 25 is 1 too much. And it is ſuffi- 
cient if done to a Farthing, which Decimals may be valued with- 
out 9 the 4th place, | | 

7. To find the Value of the Decimal of a Foot in Length by Inſpection. 
Rule. For every 10th of a Foot reckon as many Inches and as many 
Quarters, under. 5, (which is known 6 Inches. ＋ 1 For every 2 in 


the zd place add 1 quatter of an Inch. is Will not err a 
| | 1 quarter 
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quarter of an Inch in the generality of Decimals, if in any, 
Here in the 2d Example In. gr.] Feet. Inch, gr. 


2 according to Rule is 2: 2 3724 * 2 
and ;08 is half ſo many qrs. = 1 :—| .28=3 : 


| Examples. 
| Skis (nc 6th oh | 
And in the 4th Example, 

95 .5 I fay is 


4 is 4 inch, 4 qr. or 5 — 
02 is 2. 


: Ik 


Note, That in adding half, in the ads place, if odd, you may 
omit the odd, and take half the next leſſer even Number, as in. oy 
and . 0g I take only 3 976. and 1. | 
The immediate writing down any Inches and Quarters in the De- 

cimal of a Foot is done ſo eaſily by the Rule above inverted, that 
there is no occaſion for Examples. 

8. To find the Value of the Decimal of a Gallon by Inſpection. 

Rule.] Mul- 
tiply the Digit in | 
the Primes place | Gall. Pints. qrs. | Gall, Pints. ra. Gall. Pints. grs. 
of the Decimally | 19 =1 : 642 5 :—| 342 213 
8, and ibe Digit | .28 =2 : 732 5 13 712622 


next the left band } 37 2 3: 82 2 6 22 66 = 621 
of the 2 Digits | 46 =3 : 918721 88 = 7 : — 
in the Progu 35 =4 : 11=—3 | 99=8 :— 


F 


is ſo many Pints; 
then add the Di- 
git next the right band of the Product to that in the ads place of the De- 
eimal given, and multiply that Sum by 4, and the place next the left 
band of the Product are Quarters of Pints. Which is done with about 
a third of the trouble in the common Way 3 and gives the Anſwer 
accurately enough. orb 
Thus in .66, 8 times 6 is 48, the 4 are Pints, and the 8 of the 
Product added to 6 in the ads place is 143 4 times 14 is 56; the 5 
are Quarters of Pints or 14 Pints, which with the 4 is 54 Pints, &c. 


9. To 
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2 ee OA of a Barrel of Beer very briefly, 

accurate . 

Rule.] Maitiph the given Decimal by 4, cut off from the Product 1 leſs 
than the — . given; then ſubſtralt every Digit in the Product 
rom iis right band and the Remainer is the Value fngh in Gallons 
and Parts, Thus 
= 966 9g mr | — | | 
ple, the Pro- Examples. Anſtwers. Examples. | Anſw.| 
duct of .9876 Barrels Products. mo let wr Fl 2 | 
by 4 is 39.504 [1234 4.936 [ 4.4424] z 7 188r | 8. 
(cutting but 3 |.5678 22.7 12 [20,4408] .5 r [22.2 r | 20. 
off, according | .9876 | 39.504 133.5536] .7 r [31.1 r | 28. 
to the Rule): [.5432 21.728 [19.5552) 9 r 39.9 r | 36. 
Then I begin | 
with 4, and 
take that from (o) which I 1 it towards the right hand, 
that is, from 10, reſts 6; 1 d and © (in Tens place) is 1 
from 4 (in Units place) there reſts 3; 5 from 10 reſts 5 ; 1borrow'd 
and 9 is 10 from 15 reſts 5 ; 1 borrow'd and g (next the left hand, 
Column 2.) is 4, from 9 reſts 5, and o from the ſaid 3 refts 3; 
which ſaid Reſts are the Anſwers in Column 3, viz. 35.5536. 

10. The 2 ſhort Rules above being obſerved, the Decimal of a 
Barrel is found i in Gallons, 2 and Quarters of a Pint, very con- 


ciſely thus 
| ane "he | - Example 2. 
Barrels Beer .19765 Barrel Beer 8764 
7. 96 35.056 
Reſts Gallons 7. 17540 | „ Reſts Gallons 31.5504. 
Quartiers of a | Pints = 4:2 uten Pints, 
— 3 18 nt and Parts. | - 


T have contrived theſe 2 laſt for the Uſe of his Majeſty's Officers 

of Excife, where they may almoſt by Infpe&ion fee the Value of 
che Decimal of a Barrel, to the roth part of a Pint. | 

11. An conciſe and eaſy Way to find the Value of the Decimal of « 

Pound 1 Weight exatlly, 

1.] This may be done by this Rule: Multiply the Decimal 

— 3, and cut off the Product 2 places fewer than are in the 

| imal given ; from that Product ſubſtract a 7th of itſelf; then 

take a 16 of the Remainer, (which you may do, only purting 

> own 


the mo 
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down the Quotient, which are Ounces; and be 924 
Remainer (leſs 1) are Drams, per this Example. — 
2. But the Rule to be inſiſted upon as more brief 277.2 
and accurate, is this: Multiply the 2 Num- 39.6 
ber by 8, and double the Product of every 2 Di- | 
its as you go on, and the Product ts Ounces and 237.6 
| Then multiply in like manner the Parts - 
of an Ounce, and the Product is Drams and $ 14:12.5, 
Parts, 5 B 
_— Example . Example 2. Example 3. 
Given = th 924 W 567 + 234 
1 1 Ounces 2 14.784 Oun. = 9.072 Oun. = 3.744 
Drams.= 12.544 Dr. = 4.152 Dr. = 11.904 


Or if it be thought, burthenſome to the Memory to multiply by 
8, Sc .as per the Rule above, it will be more eaſily done thus : | 
Raule 3.] Multiply the Decimal given by 6, aud after you have added 
the Tens carried (as uſual ) add thereto the Digits next towards the right 
band of that which you laſt multiplied, and put down what is above 10 
(as commonly) : But when you have multiplied the Digit next the left hand, 
add the Tens carried to that Digit. For inſtance, in the firſt Example a- 
bove ſay 6 times 4 is 24, put down 4, and carry 2; 6 times 2 (the 
next Digit) is 12, and 2 carry'd is 14, and the 4 in Units place is 18, 
put down the 8, and carry 13 6 times 9 is 54, and 1 carry'd is 5 55 
and 2 (the middle Digit) is 37; put down 7, and add the 5 carry 'd 
to the 9 laſt multiplied, and that makes 14: which I take to be 
ft conciſe and eaſy Method that this thing is capable of, un- 

leſs as by the followin 

Rule 4.] Take the Primes place for ſo many Ounces, Halfs and 
Tenths of an Ounce ; Seconds place for ſo many 2,5 Drams; and 
Thirds place for ſo many Quarters of a Dram. 

Example. In .924 ti .9 189 5, 9 Halfs, and .9=5 14: 6 5. 
2 in Seconds place is 2 times 2.5 or 5 3; and 4 in Thirds place 
1 38 14 12 35. 

12. The moſt eaſy and ſhort Way of finding the Value of a Decimal of 
1 i Troy Weight in 5, dw. and grs. h 

1ſt, Multiply the Decimal given by 2, and add what is carry'd, 
_ the Digit next the right hand (as in the third Rule) gives the 

unces, 


2 2dly, Twice Primes place in the next Decimal of Ounces is ſo 
many Penny- Weight, and every 5 in the Seconds place is 1 —" 
3a), 


164 Addition of Decimals. 


Cn Ax. III. 
3dl, What the Seconds e 
place is under or above 3, a 
and the Thirds place take Examples. 5. dw. g 
half thereof for Grains, | it .5642 or6:15: = 
But if they are 25 or up- | 5 6. 6.7704 do this by Inſpe@ion, 
ward, deduct 1; if 38 or 
upward, deduct 2. And if I .9782 or 11: 14 : 18 | dw. yr 
the Digit in Thirds place 311 7384 by Infpe&tion ; is 14: = 
be an odd one, you may | 
dedu& only the odd one. 


— * — 


at 25, and 1 and the odd one ar 38, Ge. 


szcr. II. Addition of Decimal, 


HS Rule has no more difficulty than that of one Deno- 
mination in whole Numbers: obſerving, 
1. To place the Decimal Places next the Point, or the ſeveral 


Places next the left hand, and the Points themſelves, Cc. one un- 
der another, as in the Examples. 


2. If the Decimals to be added exceed not 5 in number, it is 
2 if they conſiſt of g places where the Sum is not to be mul- 
tiplied 5: far thing; but where it is to be multiplied, you muſt 
obſerve t ules given in the beginning of Diviſion, $8. 6. of 
this Chapter. And if Decimals of a Pound Troy are to be added, 
the Decimals to be added ought to conſiſt of at leaſt 6 places: But 
if the Decimals be compleat, it is no matter how few the places be. 


Example 1. | Example 4 
925. Decimals f Palue in 
0775. Pound Sterl. Specie. 
8 9. | 18 5.— 4. 
25 105, — 1: — 
75 125 2: 6 
O05 75. 15: — 

125 775 15: 6 

| | 68. —13: — 

Sum 2.6775. 11 $25, 16: 6 
989 2 


Sum 44225, J. 4: 4: 6 Sum Proof. | 
| 3. But 


2 


- Szer; II. Addition of Derimalt. 145 
3. But becauſe the Decimals that occur in Practice are generally, 
if not always promiſcuous, that is, neither all compleat wear 
nor-infinite; (certain or uncertain) therefore Examples of ſuch mixt 
will be the moſt uſefulw. Nin 
(1 "Example'2.. © Example 4. Example 5. 
Of @ mixt Number. Promiſcuons Decimals. Promiſtuous Decimals, 

198766. v. 17565 &c. 
19876.5. .6r 
1987.65. 
198.769. 
19.8765. 
1.98763. 


Sum 220849.779 15. 


| 14.78593 Sum. 
— or 14.78593247 3 


lat 


| SUm=5.44447 . | 
— | or = 5.444486 1 | 
By the 3 firſt Examples you ſee how eaſy the Addition of Deci- 
mals is, when placed as they ought to he, and ſo many are cut off 
for Decimals in the Sum, as are the greateſt Number of places of 
thoſe given; which is ſufficient for the underſtanding of this Rule, 
But becauſe. ſome have made a difficulty where there was none, 
by talking much of repeating Numbers; I have given the two laſt 
Examples, to ſhew that the common Method is accurate enough, 
without taking Notice of repeating Digits as differing from others. 
In Example 4. there being 2 Decimals — of repeating Di- 
its, I put down only thoſe next the Point, and ſum up them, 1ſt 
aying 9 and 6 is 15, and 1 carry'd (ſuppoſing the 9 and 6 which 
repeat were placed 2 places more to the right hand than 5 places, 
the greateſt Number given) is 6: which | os down as you ſee 
in the loweſt Line, and ſay 1 and 2 is 3, and 4 is 7, and 8 is 15, 
and 4 is 19, and 9 is 28, and g; is 33, and (coming downward a- 
gain at every Series you add upward, with the repeating Digits) 
is 39, and 9 is 48; put down 8 and carry 4 to the next Series, 
which makes it 29, and the 6 and 9g repeating is 44; put down 
4, and carry 4 to the third Series, which makes it 39, and 
the 6 and 9 Repeaters is 54; put down 4, and fo proceed 
in like manner to the Digits next the Points, where the 6 and 
9 are. added in Courſe, 9 there placed; ſo the Sum 
0 4 18 


1 
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is 5.444486 r 1. And if you had filled only 33 places each with che 
2 Digits chat repeat, and had added them as the 3 former Examples, 
the Sim would have been the ſame, wanting only, .ooo016, which 
s * 0 even the Decimal of a Pound Troy, is leſs than a ioth of 
a Grain, And in the gth Example the Difference between the Sums 
having regard to the repeated Digits, and the Sum the common 
way is ſo inconſiderable, as appears by the 2 Sums; not worth no- 
tice, if the 2d Rule of this Section be obſerved. _ _ 

I have demonſirated in the 2d Example, by the Addition of the 
Specie anſwering the Decimals, that the Rules for adding Decimals 
are right: I here ſhew that the Rule for adding theſe is agreeable 
to that for Vulgar Fraftions, For example, in adding 396 to , 
the common Denominator is 100000, the Numerators 36500 and 
96000, the Sum of which is 132500; ſo the Anſwer, cutting off 
the Cyphers as uſeleſs, is 888: and dividing the Numerator by 
the Denominator, that is, cutting off 3 Figures, the 
Anſwer is 1329: But the ſuperfluous trouble of 65 
putting down the Cyphers being omitted, the Work 96 
of Addition of Decimals is as above, and as per k- 
Margin. - 1.325 


Scr. IV. Subſtraftion of Decimats. 


HERE is no difference between the Method of this and In- 

tire Numbers, obferving to place the Point of the Subtra- 

hend exactly under that of the greater Decimal. Two or three Ex- 
amples will ſuffice to ſhew it. ; 


Enengh 1. Zoundls 210: ne . 
From 9876 From 98.76 From 9876. 
Take. 87664321 Take 08768 Take 1234 
Remains=.11105679 Remains = 98.67235 Rem. = 9875.8766 
Example 4. Example 5.  Averdupois Weight. 
From 123.45 8“ 


Take 97. From L 1.0976 — or from1: 1: 8.9856 
— Tak 987 — or take o: 1; : 12.672 
Reſts = 26.45 1 


Difference 1106 — or o 2 1 : 12.3136 
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The Reaſon of the Work of Subſtraction of Decimals is the ſattie 
as is ſaid of Addition, only ſubſtracting inſtead of adding the Nu- 
merators 3 _—_ exactly with the Deduction of Vulgar Fracti- 
ons, in hic od if the Cyphers be neglected in the Reſults, 
the Method falls juſt into that o Subſtraction of Decimals, where 
the cutting off from the Sums, Remainers, Products, Se. is the 
ſame as dividing by a Unit with Cyphers (which is the Nature of 
the Denominators of Decimals) as is ſhewed in Diviſion of Intire 
Numbers. | 4 


SE. V. Multiplication of Decimal:, 


HERE is no Difference between the Operations here and by 
Integers, but obſerve this Rule : 5 
After the Work is over, you muſt ſet off ſo many Figures towards 
= right hand of the Product, as you have Decimals in both the 
actors. | 
But if ſo many places are not in the Product (as it. will happen 
when you multiply Decimals of ſmall Value) then you muſt make 
up that Number by placing, Cyphers towards the left hand of the 
Product next the Point. | me 


Example i, | Example 2. av Example 3. 


A Decimal by an In. A thint by a nixt A mixt Number by a 
teger. Number. Decimal, 
012345. | 9.37241. |. 36.252, 
X 932 25.324. 00032. 
24690 3748964 72504 
37035 1674482 [L 108756 
111106 | 28611723 _ > | 
— H(— ' 4686205 J. 01160064 
I. 3055 4x0 [| 1874482 | 
| —— — [ 
; 1. 237-34691084- | A Decimal 5 4 De- 
8 | _ 
Note, That in the fourth Example, be- 1286411 
cauſe the 4 is repeated aqa ſinitum, there-. . . 00009 


fore I ſay, 9 times 4 is 36, and 3 (which — — 
would be carried if you actually put down . 0000113079 7 1 


4) is 393 put down ꝗ an TY 8 
* | ? Us | Now 


14% Multiplication of Decimals., CH. III. 

Now if you had put down and multiplied 100 Fours of thoſe re- 
= ſo many Nines would alſo be repeated in the Product; but 
0 


r brevity * 1 only put down one of each with an r. 


70 multiply mixt Numbers, Decimals, &c. and to have only ſo many. 
Decimals in the, Product as you aſſign- And how to e. al unne- 


ceſſary Figures in ſuch Operations, 


Cafe 1. A mixt Number by a mixt, as 1.234504 by 962123, and! 
to have only 4 Decimals in the Product. 


1.234504 
3212.9. the Multiplier inverted. 


111105 

| | 2469 

1 +; © TY 

Wl | 25 
4 


1 


8 | 11.3726 = he Product. 
Cal; 2, A Decimal by a whole Number, as. 1234504 by 92123, 
| and to have 3 places in the Product Decimals, | 


1234504 
32129 = the multpher inverted. 


11110536 

246901 
12345 _ 
2469 Gs 
370. 8 


1132.62 1 = the Product. 
Caſe 3. A Decimal by a Decimal, and to have only 4 Decimal: 
=. * places in the Product; as. 12345 by .92123 
[al 12345 
| 32129. = the e Oo 
WE: 8 ORF: wa 


25 
x 


* . 


4137 Product require d n 


— — ne. " Ys a7 
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1. To perforin theſe Operations, it is plain that the Multiplier is 
Nao vs) Units place put next the left hand, c. wa you 
place it down to multiply. rn 

2. The due placing of it is the next thing, Which is to put Units 

lace of the intire part under that place in the Decimals of the 
Mulciplicand, which anſwers that place next the right hand of the 
Decimals you would have in the Product: As in the firſt Example, 
becauſe I would have 4 places Decimal in the Product, therefore I 
put 9 (the Units given) under the 4th place from the Point in the 
Multiphcand. And in the 2d Example, I put 3 (the Units place 
of the Multiplier given) under the 3d Decimal of the Mukiplicand ; 
and in the 3d Example, becauſe I would have 4 Decimals in the 
Product, I put the Digit next the Point in the Multiplier under the 
zd place of the Multiplicand, becauſe there is no intire Number 
to put under the 4th place ; and place all the other Figures of the 
Multipliers in a reverſe Order, as per the Example. 

3. Begin to multiply the Figure next the right hand of the 
Multiplier, when placed as per Rules above, into'the Figure ſtand- 
ing over it, &c. as in the common Way; obſerving at the ſame 
time what Tens would be carry'd if you multiplied the next 
Figure or two toward the right hand, and adding fuch Tens and 
half Tens or upward as Ten, and ſo proceed with each Figure in 
the Multiplier that hath another ſtanding over it, (omitting the 
reſt) and place the iſt Product of each Figure, viz. what the ſame 
is above ten or tens Units, under the Units of the firſt Line, &c. 
and not as in common Multiplication 3 which Lines add up, and 
the Aggregate is the Product required. The 3 Examples above 
make 1t plain, and that much Trouble and many ſuperfluous Fi- 
gures are prevented, 

Caſe 4. But it may ſometimes happen, That, as in the following Ex- 
ample, ſo many places are not in the Sum as you propoſed for De- 
cimals: in which caſe add 1 or more Cyphers. * 

Thus to multiply . 12345 by .234, ſee the 12346. 

Work in the Margin, to have 4 Decimal — 432. 
igits 


in the Product; where the making of 13 — 

are ſavec. . 
Caſe 5. Alſo it may happen, That there are 37 

not ſo many Decimal places in the Multi- 3 


plicand as you propoſe ſhall be in the Mul- 
tiplierz ſo that you cannot proceed as per . 0289 = Product. 
Rule 2. above: in this Caſe you may fſup- 

4 „ p ply 


—— ' ————  — ——————— —  — —— — ——— 
* 


a 060. 2 26 — — 
„8 
- 


— —— — ( K ͤ ! — —— — —gu—— a 
OS 9 2 # - _ 
** * 
* . 


— 


the place by. Points; ch 8 
e : eee in 


89 


1% Multiplication of Dicimak.. Carol! 


gin, to bring out 4 places Decimal Wine 

Theſe are all the ariery I could think of 1815 
as to this matter, which are moſtly not ex- 29106. 
tant before that I know of: And che fol. 970 


10 Compendiums are intirel own 65647 
ys a6 and if any of — nh R = | 
tant, I can aſſure ede en 15 

— 486.8354 


e COMPEND TI 5 122 
1. To multiply by any Factor under 20 at once. | 


_ Example - 3:45 WEL, 5 _— 3-467 
333 ＋ 21. 


656773 Produd. : 7th 311103 


| | 34507 _ 
The Probation 656773 


1. e by any Factor berween ane 10 c 


32733.236 Product. 
wdlic)- 5 dee wwe Prob. 77376 "ap 
— — — — — 
78 To multiply by any Factor between 111 and 119, > Cnclaioq, 
at once. | : 
| E 34667 The common May. 34667 
a 11.7. of * = 5 11.7. 
4.044339 Product. 241969 
| 34597 
Prob, 4044339" 
Ma 1 


Sor. VO . 


"it 
1 eee and rrrg (indly- 
five) at Once. 


VO 


» Example” 34567: » The common Way = 345 67 


11.14. 0 dodge 11.14. 
Pe — ——— — — — m * 
3806.38 = Product 139266 
eee? 34567. 
$0090 Aber BE. 34567 
0 N * Kon LE ; 3 34557 


Prob. = 385076.38 


bo” To —_— —— — 11111 and 11119 — 
putting only the Product. 


"uo 5 | The common Way = 345 67 
| Example 3456 ö 111.16. 
. ——.r——ri — A 


— — 42 * 2 . 


———— 


be 10 1110 fk 
bee 72 = Product 34367 
34567 
34867 
348367 
Prob. = N 
— — nn. mu g—_—_—_ — 
6. To multiply by a Factor between 20 and 100 excluſive. 
- Evample 3.4567. The commes Way — 3-4567 
+ © RIOTS TOE ne — 
. od 224.6855 Product. L Naa 
207402 © 
X RY Ne Re Prob. = 22 224.0855. 
— 
75 Tomte by « Fattor contiing of » Cypher berween o 
Digits. 
Example 34567 The common Way = 34697 
| 05 
| 209.13035 Product 172835 
09 3035 207402 © 
Prob, = 209.13035 


8, To 


75 nen e den, Cu ut 
ebe, E. enen 
ee. . commen Way $6567 ; 


- OY # Tak 


o, 207574835 eros —— 
| 048 LE 207402 - 
4 NSR Prob, = 207574835 
— — 


- Ys To multi eee conſiſting of fo 00 phers bo- 
tween two > Digi, as Lthere. nen eke —— 


* 1 19 i - 
34567 
51.112 | Product = 207 40217283 2 


01. 


10. To — an yFaltor beryeen 100 tape) x 3 t- 
dog d Produtt. | * 


Kaenyl 23456 he common Way 23456 
ALE 164 | i 184 
Product = = = 3612224] a 93824 - 
— —ä——ä—ẽ—F —ö—— —— —— e 
re con bun of 15954322 10 1 r yd 3466 L 0 
: —— 
— FO. eee ee © Prob. = 3612224 


— . 


. TEE mcg by A Faces conliſting of a Uni between any 


| The common Way =23456 
—— . —— | 4 416 "IE ences — — _ 2 416 
2 - 6 anifliilagfaoBbeT's yd Nane 
= $9 . \ 23456 
3 £0U9 952. 
| ht 4. 2 "1 — —— —— 
Prob. = 606 
Thus fa by nl putting down the W 
Fax: che Product. 


12. From 


Ster. V. Maltiplicdtion of Deaimalr 
- x2, From what is above, it is 
be mul - t 
tiplied by a Factor, being the Square 


plain that Number ma 
of any in the A above, or 
the R le of any two of them, 
by only ing 1 Line beſides the 
Product. For knowing that 1235 is 
the Product of 65 by 19, 28 for 
example 34567 by 19 (as per Caſe 1.) 


produceth 6567773 and that by 65 - 
(as per Caſe 6.) produceth 42690245, ft x 


the ſame as 34567, by 1235. 


42690245 Prod. 2307401865860 


” x 


_ 
7 by 66751580. F, 


” _ — 
| 276536 
172835 
324367 
172833 
Examp. 2. 241969 
proved. 2074 “ 
207402 


LES 


Proof ehre e 


| The Factor 66751 580 be- 
ing the R le of the 2 


6 towards the left hand there- 


fore 34567 is multiplied by 


6671380, by only making 


9 Figures beſides the Pro- 
duct; which is 32 fewer 
than muſt be put down and 
added in the common way. 


of the former Digits, Ge. 

performed as follows: 
112.3456732. 

22 


541357675660 che multipl. by oog. 
1372345032912 = the multiplied by 11116. | 


= 1372419168,6795660 = Product, | | 


By this Method there are 
down and added 38 Figures few- 
er than in the common w 


13. Or if a Factor or Multiplier conſiſt of che Figures in any two 
put down in courſe; the ſame may be | 


The common Way 12:3456772, 


I 1 11660 


617283660 
740740392 
740740392 
123456732 
123456732 
_ 123450732 
123450732 


ay. — —— 
See alſo the Proof of = laſt ] Proof = 1372419168,6795660 


Example in the Book ſave one, 


where 9 Places are multiplied by, and only 5 Lines made. 


X 


14. To 


154 Maltiplication of Decimals. CHay. III. 
14. To multiply by a whole Number conſiſting of any Digit re- 


peated any number of times, as ſuppoſe by 7 repeated $ times, 


12345678932 Common Way 1234.5078932., 
77777777 77777777 
86419752524 86419752524 
„ 0000000 864197 52524. 
— — 86419752524 
960219462886694164 Product. 86419752524 
| 86419752524 
Note, This Invention is ſo much 86419752524. 
| ſhorter than the common Way, . 86419752524 
that in this Example there are 77 86419752524 
Figures fewer. 


Proof = 96021 94628866944 64 


15. To multiply by a Decimal conſiſting of any Digit repeated 
ad infinitum, very eaſily, briefly, and accurately. Y 


Note, This is done with 84 Fi- 12345678932 
— fewer than the common | 77777777, Cc. 
Way, and is about 100 nearer the — — 
Truth. | | 86419752524 


In this Caſe cut one place more — 3 
from the Product than the Deci- Product 96021947 24.8 r 1 
mal Places in the Multiplicand, for | 

Decimals of the Product; or ſo many more than one as there are 
Cyphers before the repeated Digit of the Multiplier. 


16. To multiply by a mixt Number, conſiſting of any Number 


of Digits repeated. 
Example. For Proof of this. 
28 12345678932 | 12345678932 
by =7777-7777,&c. | by 7777. 
by 7 = 86419752524 = g6012345054164 


— —— landby ), G. 9602 194724.8 
Prod, = 96021947248888,8 171 — — W 
[ Sum = 96021947248888.8r1 


— ———— 
— 


Direction. 


* 


% 
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Directions concerning the 16 Compendiums above. 


As to Compend. 1.] It is performed as in common Multiplication 
by 9, only adding the Digit toward the right hand of every one 
that you multiply by the 9; and when you have multiplied the laſt 
in order, add what you carry to that Digit next the left hand, and 
that gives the 2 laſt in the Product. 

Compend. 2.) Work as in the laſt, only with this difference, that 
you muſt add the 7 in Units place to the Product of 8 by 5, and 
the 6 to the Product of 8 and 4, Sc. Laſtly, add what you carry 

to the 4, is 7, and then put down the 3 next the left hand, 
Compend 3.] When there is 1 in Units and 1 in Tens place, be- 
ſides a place Decimal, or 114, 116, 117, &c. you muſt add to each 
Product of every Digit multiplied by 7, the 2 next Digits ſtanding 
towards the right hand, when there are ſo many. As to the Pro- 
duct of 6 by 7, I add the 7 next the 6; and then ſay, 7 times 5 
is 35, and 5 carried is 40, and 6 is 46, and 7 is 53; put down 3, 
and carry 5, Cc. Laſtly, when you have multiplied the 3 by 7. 
and added the 4 and 5, add the 3 carried to the 3 and 4 is 10, and 1 
carried and 3 is 4. 

Compend 4.) This is performed as thelaſt, only adding 3 Figures 
(when you have ſo many) ſtanding roward the right hand of every 
Digit which you multiply by the 4. And at laſt the 3 carried is 
added to 3, 4 and 5 is 15, and the 1 carried (the 5 being put in 
the Product) added to the 3 and 4 make 8, which put down, and 
the 3, as you ſee in the Example. 

Compend. g.] Whereas here you have 4 Units towards the left 
hand, you muſt add 4 y”-=__ (when you have ſo many) ſtanding 
towards the right hand bf every Digit you multiply by 6. And 
what is carried muſt be added to the 4 places next the left hand of 
the Multiplicand at laſt, and then 3 and then 2, and then put the 
3 in the Multiplicand down. . 

Compend 6.] Say, 5 times 7 is35, 5 and carry 3; 5 times 6 is 30, 
and 3 is 33, and 6 times 7 makes 75; put down 5, and carry 7, 
and ſay 5 times 5 is 25, and 7 is 32, and 6 times 6 makes 68 ; put 
down 8, and carry 6, and ſay 5 times 4 is 20, and 6 is 26, and 6 
times 5 makes 56; put down the 6 and carry 5, and ſay 5 times 3 
is 15, and g carried is 20, and 6 times 4 makes 44; put down 4, 
and fay 6 times 3 is 18, and 4 is 22. 

Compend. 7.) In this Example, becauſe there is a Cypher between, 
you muſt multiply the two firſt as uſual, and to the Product of the 
5 in the 3d 11 is W and the Product of the 6 * 
. 2 1 


— — 


— 
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firſt or Units place of the Multiplicand. Then to the Product of ; 
in the 4th add what is carried, and the Product of 6 in the 2d or 
6, Sc. and laſtly multiply 4, then 3 by the 6, and put the Product 
down. . 1675 | 

Compend 8. Multiply as uſual to multiply the 4, then ſay 5 times 
4 is 20, and 21s 22, and 6 times the 7 is 64, 4 and carry 6; 5 
times 3 is 15, and 6 is 21, and 6 times the 6 (or 36) makes,37; . 
put one the 7, and multiply the 5, 4 and 3 by the 6, adding the 

carried. 5 
8 Compend. .] In this and the like Caſes there is no more difficulty 
than in multiplying by a ſingle Digit; for the Number of Cyphers 
being equal to the places in the r the Product by the 
6 falls juſt to the left hand of the Product by the 5. But if the Pro- 
duct of the Digit next the left hand by that in Units place, and 
what is carried be leſs than 10, then a Cypher muſt be put down 
between the two- Products, | 

Compend. 10.] This is 1 by conſidering the Nature of 
the Operations of thg firſt and 6th Compendiums. For 4 times 6 
is 24, 4 and carry 2; 4 times 5 is 20, and 2 carried and 5 times 6 
makes 52, 2 and carry 53 4 times 4 is 16, and 5g; is 21, and 5 times 
5 is 46, and 6 in Units place makes 52, 2 and carry 533 4 times 3 
is 12, and gj is 17, and 5 times 4 makes 37, and 5 (in Tens place of 

the Multiplicand) is 42, 2 and earry 4: 4 times 2 is 8, and 4 is 12, 
and g times 3 makes 27, and 4 (in Hundreds place) is 31 ; put 
down 1 and carry 3. Then (having multiplied all by the firſt Fi 

ure) I ſay 5 times 2 is 10, and 3 carried is 13, and 3 in Thou- 

ds place is 16; 1 time 2 is 2, and 1 carried is 3. 

Com pend. 11.] This is performed as the laſt, only inſtead of ad- 
ding the Digit next the right hand, c. to the Product of the ſecond 
Figure in the Multiplier, you muſt here add it to the Product of 
the firſt Figure, becauſe the 1 ſtands next that Digit; and then you 
keep to the 1ſt and 6th Compendiums, as in the laſt. | 

Compend 12.] By this Compendium is ſhewn how to multiply by 
66751580, or other large Number produced by the Multiplication 
of 2 or Square of one known Number, by only making 1 Line be- 
ſides the Product. The Example is that of the gth and 8th. 

Compend. 13.] This is likewiſe an Example ſhewing how the 
Work of Multiplication by large Numbers may be ſhorten'd, b 
drviding ſuch large Number into 2, 3, &c. ſuch Numbers as fall 
within ſome of the aboveſaid Rules: as 111166005 I divide into 
two Multipliers, 11116 and 6005, G. done at twice. 
| ! Compend. 
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Compend. 14.] This Compendium is performed, firſt, by multi- 
lying the given Number by one of the repeated Digits, as in the 
— above the Product is 86419752524, from which the gene- 
ral Product is found thus; Add that Product from the lake Rn 
toward the left, and ſay 4 and 2 is 6, and g is 11, (put down the 4, 
6 and 1, and for every 10 you arrive at, put 1 to the Sum more 
than what is wrote down) and 1 is 12, and-2 is 14, and 5; is 19, 
and 7 is 26, put down the 4, 9 and 6; then adding 1 more for 
the 2d 10, I ſay, and 1 is 27, andg is 36, and 1 (for that 3d 10) 
is 37, and 1 next the 9 is 38; ſo I put down the 6ands8. - 
Then becauſe I have added as many places as are in the Multi- 
plier, I leave out Units place (4) and add from 2 in Tens place to 
4, the 3d Figure from the left hand incluſive, which with the 3 
carried (part of the ſaid 38) makes another 38; put down that 8, 
and carry 3, fo adding that to 5, Sc. to 6, the 2d Figure from the 
left hand (ledving out the 2 firſt Figures next the right hand) that 
Sum is 42; I put down the 2, and carry 4, adding that to 2, (the 
4th from the right hand, leaving out the 524) and ſo forward to 8, 
next the left hand incluſive, the Sum is 46: I put down the 6, and 
add the 4 to the Figures between 5 and 8 incluſive, (leaving out the 
2524) and the Sum is 44; I put down 4, and add 4 to the Figures 
between 7 and 8 incluſive, (leaving out the 52524, and ſo every 
time I leave out 1 more) as 4 and 7 is 11, andgis 20, Sc. to 8 
makes 39; put down the 9, and add 3 to 86419, as they ſtand 
from the right to left, as before, and the Sum is 31 : put down 1, 
and add 3 to 8641, as taught before, and the Sum is 22; put down 
the 2, and add 2 to the 864 as aforeſaid, and the Sum is 20 ; o, 
and carry 2 and 6 is 8, and 8 is 16; put down 6, and ſay 1 and 8 
is 9 : ſo have you the Anſwer only by eaſy Additions. | | 
Compend. 15. ] If the repeated Figure be a Decimal for the Multi- 
lier, I multiply as before to gain the 86419752524; whence the 
roduct is found, firſt by adding that whole Line from the right to 
the left hand, which makes 33: I add the 5; to the 3 is 8, which I 
put down for the repeating Digit of the Product. Then add the 5 
carried to 2 (in Tens place) and that to the reſt of the Line to- 
: wards the left hand makes 34; put down the 4, and carry 5 to the 
5, (in Hundreds place) Sc. adding all toward the left hand as be- 
fore, leaving out 1 toward the right for every Digit put in the 
Sum: which is a moſt eaſy and brief Way of anſwering all Que- 
ſtions of that kind, | 


Compend, 
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Compend, 16.] If the Multiplier be a repeated Digit and a mixt 
Number, and the Multiplicand an intire Number, you have nothin 
to do more than in the laſt Compendium: only to put ſo many o 
the repeated Digits toward the right hand of the integral part of 
the Product, as there are places in the integral part of the Multi- 
plier, as in the Example 16. above. 

A ſecond Example of the 16th Compendium, to multiply 1234 


by 333.3333333, Vc. or 333.3 7. See the Operation. 1 
Multiply 123 4 Proved thus — 1234 
by — 333:33333333, Sc. as per 15th dy. 3 3 
3702 is = 411.3 7 1 


Y os and by 333 = 410922 
411333.3 r = Product. — 


| Sum = Proof = 411333.3 7 
In this (as the laſt) having multiplied the 1234 by 3, it produces 
702, which I add from the right hand towards the left, and the 
um is 12; ſo 2 and the 1 is 3 = the repeating Digit, and 1 car- 
tied added to o, 7 and 3 is 11 : I put 1 down, and carry 1 and 7 is 8, 
and 3 is 11 3 put 1 down, and carry 1 to 3 makes 411.3 7; and be- 
cauſe there are 3 places Integers of the Multiplier, I therefore put 
3 places of the repeating Figure towards the right hand of the 417, 
akes 411333.3 7 the true Anſwer, as by the firſt Example and 
ules for 3 ſame under the laſt mentioned Compendium. 

Or if there be Decimal places in the Multiplicand: you may o- 
mit fo many of the repeating Integers in the Product: as in the a- 
bove 1.234, then the Product will be 411.3 r as per the 
Rule under the 15th Compendium. 

17. Or if it ſhould be 10 ſed (tho? ſuch a thing does not often 
_—_ that the Decimal Digits repeat in both the Faftors : then 
work as under the 15th Compendium, and to that Reſult add the 
Product by the next, Ec. Digits, putting down what would be 

carried if the Decimal Digit were really repeated. 


Example 3.6 r Proof 31 
de 
Produ&= 110 © KN 
3 — and by = 26.871 


Sum = 1. 22 72 
Product = 14.67 5 


Sum = Anſwer = 13.87 1 
+ | | 18, But 


— 
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1858. But if the _—_— Digits in both Factors begin after the 
Primes place, (althoꝰ the Caſe may rarely happen) you may proceed 
as in the following Example. | 
To multiply 27.16 # 1 by 5.23r 1. 
27.1666666, &c. 
5.23333333, &c. 


| $150'= Product by ,03 in 27.167 1 


,905r71 = Sum of the laſt Line, as per 15th, &c. Compend. 
5.433r1=27.1671 1n .2 
135.8337 1 2 27.167 1 in g 


142.1727171 = the true Product, or Sum of the three laſt Lines. 


But if the Product of 3 by 6 and what is carried had not amoun- 
ted to even Tens (as here 20) then the Digit in Units place of the 
1ſt Product will repeat, and muſt be ſo conſidered in adding them 
thus \ 


905927 3 
5.43571 
135.871 1 


142. 23037 7 3 

In this Caſe I ſuppoſe 3 repeated ſo often in .8153 (as 81333) 

till by adding, ir bes out the .90592, and ſhews the repeating 
of the 592. | | 
I need ſay no more to illuſtrate the laſt Example; and having 
now finiſhed what I thought might be of real uſe in Operations of 
Multiplication, whether by Decimals or Integers ; I ſhall not 
trouble my Reader with uſeleſs as well as troubleſome and tedious 
Speculations, But for the Solution of all Queſtions in Practice, as 
of Concrete Numbers, I refer to the third Rule in the next Sect. (6.) 
for making your Decimal longer or ſhorter, as occaſion requires, 
according to the Greatneſs of the Number by which ſuch Decimal 
8 to be multiplied : for which purpoſe a Table is there inſerted, to 

direct on almoſt all Occaſions. 

Theſe 


160 Multiplication of Decimals Char. III. 
. Theſe 18 Compendiums, as well as the 3 or 4 Caſes. preceeding 


them, are new to me; tho' I am ſince my writing them informed, 


that one or two of the firſt and moſt eaſy of theſe Compendiums 
are in Mr Leyburn's Arithmetic ; however that be, I have no reaſon 
to omit any, as being my own Contrivance. 

| Theſe Operations, altho? at firſt they may ſeem difficult, and to 
burthen the Memory; yet I can aſſure the Reader, that by Ufe 
they will become as eaſy as common Multiplication, (as I know by 
Experience) and that they very much abbreviate the Operations, 
cannot be deny'd: nay, many of theſe new Compendiums are not 
only ſhorter, but eaſier and more accurate than the common Way. 
And I doubt not but theſe, and thoſe many in Reduction of Deci- 
mals, being new and great Improvements, will be accordingly re- 
ceived by the Ingenious. 


That Multiplication of Decimals is done by the ſame Rule as 


Vulgar Fractions. . 
To inſtance in multiplying .126 | G 
by .74 : According to the Rule of 12 
Vulgar Fractions, the Product of 74 Numerators. 
the Numerators is 9324, of the — — 
Denominators 100000, the new 9324 Product. 


Fraction 18889 as a Vulgar ; or 
as a Decimal, by the Rule in No- 


3. 1000 
tation, . 093 24, that is, 9324 be- Denominators { 100 


ing divided by 100000, quotes — . 

09324. Product = 100000 
Hence appears wherein the Pre- t 

ference of the Decimal Fraction co that is 18385 as Vulgar. 

fiſts : As, | or . 09324 as Decimal. 


1. In the eaſy Multiplication of | 
the Denominators, which is only putting the Cyphers of the one 
toward the right hand of the other. 

2. In that the Decimal can be expreſſed without its Denomina- 
cor. And, | | | 

3. In Caſe of finding the Value of the Decimal Fraction, the 
dividing by the Denominator is done by Inſpection, which in Vul- 
gar Fractions often requires a tedious Operation, c. 


Scr. VL 


Diviſſon of Decimals. 
Szcr, VI. Diviſion of Decimals. 
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H I S Rule is the ſame, as to the Operation, with Diviſion 
of Intire Numbers; but it muſt be obſerved, 
1. To know how many Cyphers to add to the Dividend, that ſo the 
Quotient may have a competent Number of Decimal Places, take this 
Rule. Conſider how many Decimals will ſuffice to be in your 
Quotient, (upon the Foundation of the Rule of Decimals, as per the 
little Table following the next Rule) and add that Number to the 
Decimal places in the Diviſor, and then make the Decimal places 


in the Dividend equal to that Sum, b 


right hand, if need be. 


2. To know (when the Work 


the Quotient are Decimal. 
Rule. The difference between the Decimal places in the Dividend 
and Diviſor, are the Decimal places roward the right hand of the 


y putting Cyphers toward the 
of Diviſion is ended) how many Places of 


uotient, 
1 — if ſo many Places be not in the Quote as the ſaid difference 
is, you muſt make up that Number by prefixing Cyphers towards 
the left hand, as per the Rule in Reduction. 
I could here give another Rule for this purpoſe, but it not being 
ſo intelligible and uſeful in all Caſes, the inſerting of it may only 
ſerve to hinder the Learner in his Progreſs: I therefore omit it. 

A few Examples will enable the Reader to apply the Rules above, 
and fully to underſtand Diviſion of Decimals; as in the 9 Caſes 
following. But firſt obſerve, 

3. The Number of Places in a Decimal ſufficient, when to be 
multiplied as followeth. 


in the Decimal of In the Decimal 1 In the Decimal | In the Decimal Tn the Decimal 0 
/. 1, Sterling, | of 1 Shilling. | of 1 lb. Troy. © | of 1 Ib. Averdu. | 1 Barrel Beer. | 
Pla- When to de Pla- n ben to be Pa- en to be Pla- FITS to be, Pla- en to . 
ces | multiplied| ces - | multiplied, ces | multiplieal ces | multiplied ces | multiplic 
Suffi-j by theſe or] ſuffi-| by theſe or, ſuffi-| by theſe or ſuffi-| by theſe or, Juffi- | by theſe or 
cient. under. cient. under. cient.] under. cient. under. | cient, | under. : 
9 |] 1000000 | 9 i2zooonooo | 9 190000 | g © | 4000000 | 9 A 3800000 || Without {0 
8 | 100000 | 8 | 2000000 | 8 19000 | 8 | 400000 | 8 380000 | | ſing o Unit 
7 10000 | 7 200000 | 7 1900 | 7 40000 | 7 38000 | | V the lea 
6 1000 | 6 20000 | 6 190 | 6 4000 | 6 3800 | | Denomina- 
3 100 | 5g 2000 | 5 19] 5 400 | 5 380 f og. 
4 io] 4 200 | 4 19] 4 40 | 4 38]; Vid. 2% 
3 1.0 3 20 3 4.0 | 3 3.8]] Caſe 5: 
2 2.0 N | J above. 
þ I have 
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I have inſerted this Table, that you may not run your Decimal 
to more places than are abſolutely neceſſary, 
20ð2 apply the firſt and ſecond Rules above. 
Example 1. To 4. 


a mixt Number by a mixt, as 237.3469 1084 
by 25.324. Js 
. 237. *. 
Example 2. To divide 11.505 54 by e 5 
by 932, ſo that ſix places Decimal may 970 
= be in the Product. 18357 
4 932) 11.505 540 (.012345 = Quotient as per 61030 
4 | 1 84 the two Rules a- 10382 
| | "Safe. bove, adding one 5 
| | 72175 Cypher to the — —_— 
| | | 2194 Dividend. 
j 4660 


| O 
= Example 3. To divide .1234567 by .321, a Decimal by a Deci- 
| ma], and to have ſeven Decimal Places in the Quote. 
= Here according to the firſt Rule above, 
] to have 7 places in the Quotient, I muſt 
have 10 in the Dividend, which I make 321). 1234567000 (.3846003, 
the other places up by adding 3 Cyphers. bi rurag te 


2. According to the 2d Rule, I point 2715 
off 7 Decimal places in the Quote, be- 1476 
cauſe that is the difference between thoſe 1927 
places in the Dividend and Diviſor. 
Example 4. To divide a Decimal by a 37 


whole Number, as .463 by 3214, and to 
have 8 Decimal places in the Quotient. 


Example 5. To divide a whole by a mixt 3214): 46300000 (.00014405 


Number, ſo as to have 9 places in the — 
Decimal Part of the Quote; as 9g by 3.214. - 
. 2. 80024891 nn 
2 "= 
2 5720 | 2130 
8000 
15720 
28640 
29280 
3550 
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Example 6. To divide a whole Number by a whole, and to have 
10 Decimal Places in the Quotient; as 5 by 365. 


Example 7. To divide a 
mixt Number by a Decimal ; 
as 1.25999 by .002 : and to 
to have 4 Decimal Places in 


the Quotient. 
.002) 1,2599900 (629.9950 


Half the Dividend gives the 

Figures of the Quote. 
Example 8. To divide a 

whole Number by a Decimal, 


365) 5.0000000000 (0136986301 


as 999 by ,00013 z and to have only 3 Decimal places in the Quote. 


Example 9. To divide a 
Decimal by a mixt Number, 
as.5 by 7.53 and to have 2 
places Decimal in the Quo- 
tient : which are ſufficient in 
caſe of Decimals of a Gallon, 
and the Quotient not re- 
quired to be multiplied by 
any thing; as follows, 


7.5) .500 (.06 r 


50 


Theſe are all the Varieties that can happen in Diviſion of Deci- 
mals: And the Exemplification of the two Rules firſt above, ap- 


Pear at one View thus, 


.00013) 999.00000000 (768461 5.384 


Y 2 The 


— 
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* * — — 


A — * — a 7 — — 
8 a Dividends Cyphers aided Quotients; having Dea 
Diviſors. | given. 43 per Rule mals, as per Rule 2. 
> ä Is oe ID 
1] 25.324 |237.34691084 ee 
2 | 932. 11.50554 egal: 
. 1234567 * 000] 3846003 
4 13214. 463 00000]. .00014405 
5 3.214 9 oooooooo 0 2.800248911 
N 0000000000Þ. 90136986301 
7 .002 1.25999 oo]. 629.9950 
8 00013999. 00000000[768461 5.384 - 
9]. 7:5 8 n 


D Decimals by way of Vulgar Fraftions, 

b work any Aueſtion ſo as t6 zrve the Anſwer exquiſitely (without 
amitting any thing) by Decimals.as well as by Vulgar Fractions. 
Note, This is my oN Thought, . as the reſt of what is new in De- 

cimals it.] | i | re 


It has been one great Ohjection againſt Decimals, that where the 
Decimals in Quotients happen not to be compleat, but infinite, the 
Anſwer cannot be exhibited ſo accurately, as to truly ſaid to 
be the whole Truth: But᷑ this is eaſily ſolved, by conſidering the 
Nature of the Rerhainers in the dividing and making a Fraction of 
that and the Diviſor. 3 a 

So that the Proof of this depends both upon Vulgar and Decimal 
Fractions worked promiſcuoully, or of Decimal worked by way of 
Vulgar Fractions. | r 

70 inſtance in- Euampie 3. foregoing, the true Quote (as in the 
Margin below is proved) is = .3846003*2222222347 : For the 37 
is what remained in dividing the laſt part of the Dividend; and be- 
ſides the 2 places next the right hand thereof, there being 8 mare 
Decimab places towards the left hand, therefore ſo many Cyphers 
art in the Numerator of that: part expreſſed by way of Vulgar Fra- 
ctions, which muſt always be obſerved, DJ ü SN 7 . 

The Truth of this appears by reducing this mixt Number to one 
Fraction : for the Product of .3846003 multiplied by the Deno- 
minator .321, produceth .1234566963 ; to which adding the Nu- 
merator, the Sum is. 1234367: wlüch placed over the Denomina- 

tor 


— ve” _ 
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tor. 321, gives the Fraftion anſwer- 4 8 46003 
able to the firſt Propoſed, Queſtion: . / 8 1. 324 
in Example 3. 


And b be faone Rules the Qyore g . 1 1234566963 
or Anfwer' in the ath Example is to be .000000003 7 
| reſſed thus Oo; . 

Which if reduced into a ſingle Fra- Sum . 123 2345 6 
ction, as before, is 3474. or e for Proof. 

So likewiſe the accurate Anſwer 
or Quotient in Example 5. is 2800248911 if, reducible 
tO 3. 112. 

In Example 6. the exact Quote i is conſequently = =,,0136986301 
Ka. or by the Rules above 34} in a imple Fraction for 
Proo 

In Example 8, The preciſe_Quotient is 168461 5.384 288298, 
Or by reducing the 2 ſorts of Fractions to one Fraction, the whole 
will ſtand thus 7684 13 5871 without wy loſs; which (for 
Proof) is reducible to .o. 

Laſtly, In Example 9. The true Quote is 066671, or rather 
06˙s. ; whoſe Value (if the Fraction of a Pound) is known to be 
16 4. We will try if it will prove ſo by the Method ſhew'd above. 

The 50 remaining (by the Rule relating to the third delt dan 
is . Ogo, there being 1 dre place Decimal towards the re 
beſides the 2 places in the 
Remainer : | ſo that the The new Fract. = 1 15 7: 5 2 * 
.06'5.4 includes the whole 7.5 


Anſwer without any Loſs, | oy | 
as per the Work in e Mar- The Value is thus 450 1 d 

gin , and is reduced to , found, as of Vulgar; 05 1 — 
whoſe Value, as prr Vul- - +5 — 


=: Frations,' having re- 1 500 Sum. 
pect to the Points, as in | 
Multiplication and Diviſion 7.5) 10.0 (13. 
of Decimals, is 1 s. 4 d. ES — 
3. Note, That to divide 6: 2.5. 
any Decimal, Whole, or „ 
Mixt Number by a Unit 5 
with Cyphers, is only to 7. 7) 30.0 (4 Pence 
remove the Point ſo many 
Places towards the left hand, N 


as there are Cyphers. Thus, 
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17 10 divide 98765. 4 Quote is 9876 34 


e 5% 0 
10000 — — — — — 5.87654 to 
TOOOOO — — — — — 987634 

„ 0957654 


Fea Or Or nes divide 98765.4 the Quote is 1646, 09 


— — — — — 164.609 

6000 —— — — — — 16.4609 
60000 — — ,— — — 1 64609 
* — — — — — 164609 


dividing only by che 6, and cutting of ſo many from the 
(beſides the Decimal Places i in the Dividend) as there are I 
in the Diviſor. 


That Diviſion of Decimals is ormed as that 0 Vulgar FraSions. 
A As if peer. 4 perf 4 er 


got the Quote will be 433) 573580 118888888. 
aalen ges the 751 Set po i 
cimal te. 3846003, — 21) 12 009 (48 
viding Nana . # 34567 


and cutting as many fram the uotient as there are C phers to the 
. as per Margin. * a 


Scr. VII. The Rule of Propertion by Dean. 


HIS being the ſame as in whole Numbers, obſerving Mul- 
tiplication and Diviſion of Decimals for the proper Rules of 


8 — out the Products and Quotients; I need only give one 
mple. 


What is the Intereſt of J. 325 : 15 : o for a Year at 41. 10 1 fe 
Cent. per Annum ? 


The Anſwer is J. 14. 65776, as per 100. 45 : 323.78 


Compend. 6, Sc. or L 14: 13: 14, | SE 
| by the 6th Rule of the Valuation of — =—oga—y | 
Decimals. L 1465775 Anſwer. 


And this puts me in mind of 


\ 
uu or. VIM. Ueaf Decimal ben 


3256 vm. The Uk of Decimal: in the cotelatt — 
Simple and Compound. 


LGIMPLE Intereſt is the Intereſt of the Principal only, for the 


Time . 

II. The true Diſcount of es i in proportion-to its Principal: 
bg is to 105 (at 5 Per Cent.] or as 6 to 106 at 6 per Cent. c. So 
that che Diſcount of any Sum for any time is leis than the Intereſt 
for that time, and conſequently the Diſcount of any Sum at any rate 

" is found for a Year by this Proportion: 

As 100 and the Rate: is to the Rate: ſo any Sum to the Diſ- 

count for the ſame time. 

III. Compound Intereſt is the Intereſt of the Principal and of the 
Intereſt put together, (the later not being paid when due, but be- 
comes Principal.) 

1. As to Simple Intereſt, there are Laws in moſt Countries to aſ- 
certain it, that no one ſhall take more, under the penalty of forfeit- 
ing the; Principal, &c. as now ours in 5 per Cent. for what is lent for 
the future. 
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To find the Simple Intereſt of any Sum for a Year. 
(1.) What is the Intereſt of 1.364: 17: 54 at 5 per Cent? 
| As 100. 5 :: 364: 17: 5} 


5 Anſw. 1.18 : 4: 10k 
Multiply the whole by 5, 
and divide by 100 con- J. 18.24: 7 : 24. 
tinually, as you Ware 10 
here. 
3. 4.87 
12 
d. 10.46 1 
4 
gr. 1.85 
(2.) But if the Shilling Sc. are eaſily 1 7 reducible 
-— gs the beſt way is to Queſtions deci- 
J. | 


Examplt, 
4 = 


f 


ist Uſe ef Derimair in Inter. On Ax. HI. 
Example. What is the Intereſt of J. 364 : 18 o oy a Year, at 
per Cent? 
See the O ern 100. 5: : 3649 

the Anſwer ing J. 18 : et * . 
(3.) If the Intereſt of : any "Wa . RE”; PF: mM 6.245 Anſwer, 


required for any Number of Days 
(or of a Year) *tis beſt done by Decimals 
Example. e the Intereſt of the e in n Caſe is 
required only or 145 Days: z 
5 iſt ſay, 100, 17 3 
K | 5 


the Intereſt = = 18.2 245 for 1 Year. 
Da P 
2dly, 3 65. 18.245 :: 145 
oe IG 11 


SON 9 14 
36512645, 525(7.248* 724 == 2 Auer. 


2. And conſequent] the Intereſt of the faid J. 464% 217 ley for 
314 Days is found, reducing the odd Money to Decimals, as per 
the ſecond Rule in Reduction, which is J.. 871875: Therefore 


100. 5 :: 364871875. 18.243 3937 = Intereſt for a Year. 
2) 4 Ders. * 
365. 18.243937 : : 314. 15.694 = the Anſwer. 
3. By the ſame Rule with the two laſt, the Intereſt of I. 1 for one 
Day at any rate is found, and they are Multipliers for finding the 
A Intereſt af any Number of r for any Days: 
] For 100. 5 : 05 7 
Tae as 365, Gy . 000136, &c. | 
Thus 


sor. VIII. Uſe of Decimalt in Intereſt. 169 697 | 


Thus 2 /, for 1 Day 


at 4 per Cent. = ,00010958904. | 2 
— A FOO. 
6 per Cent, = 00016438356 
. 7 per Cent. 00019178082 
8 per Cent. = 00021917808 | 


Theſe Numbers may be thus uſed : Suppoſe I would know the 
Intereſt of J. 400 for 297 Days at 5 per Cent. I multiply .0001369863z3 
by 297, and the Product is the Intereſt of J. 1 for 297 Days; which 
Product multiplied by J 400, gives the Intereſt of /. 400 for 2977 
Days = the Anſwer, J. 16: 5: 6 f. : T4 
4. If you divide 100 by the Rate of Intereſt, it gives the Years ' 
Purchaſe in Fee of Lands Value in many places. And conſequent- 
ly if 100 be divided by the Years Purchaſe that the generality of” 
Lacks are valued at, the 9 gives the proportionable Rate of 
Intereſt. Which is a Rule that many go by to know whether In- 
tereſt is too high or low, by obſerving how Lands ſell : It happens 
right with us at preſent, for 5 per Cent. agrees with 20 Years Bur- 
chaſe of Land. | : 
5. It is eaſy to find the Simple Intereſt of any Sum for any Num- 
ber of Years, as ſuppoſe I. 100 ; 15, for 7 Years at 5 per Cent. ſay 


100. 5 :: 100.75. 5.0375 = Inceceſt for L Year. 


35.2625 = Anſwer, orl.35:5 :3 
6. And conſequently for the Intereſt of a Sum under Li, as 15. 


. | 100. 5 75. 0375 for 1 Tear; or 2625 L for 7 Years. 


7. Finding the Intereſt of J. 732 for 5 Years to be J. 183, what is 
that per Cent, per Ann.? I firit divide . 183 by 5 Years, and the 
Quote is J. 36.6. Then ſay, As 732. 35.6. :: 100. 5 per Cent. ©" 


Anſwer. 
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Here followeth Tables of Intereſt, Simple, Compound, and Diſcount, _ 
with their Calculation and Uſe. | "030-071 
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' A TABLE\ fiewitg the Number ef Days! between any 
7 Day of one Month, and the ſame Day of any other. 


Jan. e Febr. March. April. | May. || June. 


Abr. 31. Marc. 28. April 31.|May 30. Jun af uly 30. 
Marc. 39. April. 59. May, 61. June 61. July 61. 2 61. 
April: go. May 89. June 92. Jh 91. Aug. 92. Sept. 92. 
May 120. June 120. Juhy 122. Aug. 122. Sept. 123. O. 122. 
| June | 151.| Fuly 150. Aug. 153. Sept. 153:|O#, 183. Nov. 153. 
0 Jah 181. Aug. 18 1. Sent. 184. OC. 183. Nr. 127 Dec. 183. 
0 Lu 212. Sept. 212. OA. 214. Nov. 214. Dec. 214. Jan. 214. 
Sept: 1 243. O. 242. Nov. 245. Dec. 244. Jay. 245. Feb. 245. 
1077: 273. Nov. 273. Der. 275. Jan. 275.|Feb, 276. Mar. 273. 
Nov. 304. Dec. 30g. Jan. 306. Feb. 306. Mar. 304.] Apr. 304 
Dec. 334. Tan. 334. Feb. 337. Mar. 334. Apr. 335. May 334 

Abr. 355. | 
. Mn eee þ 
xD Ir 1-19 2 Ro 734 1£-11 ct 


2 |  Þ | 
ſt.” Septemb. Octaber. Novemb. Decemb 


, OHob. 30. Nov. 33. Dec. 30. Jan. 31. 
Nov. 61. Dec. 61. Jon... 61. Febr. 62. 
Dec. 91. Fan. 92. Febr. 9a. Mar. 90. 
Fan. 122. Feb. 123. Mar. 120. Apr. 121. 
53. Feb. 133. Mar. 151. Apr. 15 1. May 151. 
| Mar. 18 1. Apr. 18 2. May 181. June 182. 
Abr. 212. May 212. June 212. 
May 242. June 243. July 242. Aug. 243. 
June 273. Dun 273. Aug. 273. [Sept. 274. 
July 30g. Aug. 304. Sept. 304. OH. 304. 
Aug. 334. [Sept. 335. O. 334. Nov. 335. 
.|Sept. 385. Ob. 365. Nov. 365. Dec. 365. 
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ssc VII. Uf of the Tables of Simple Intereſt, 145 
1. This Table laſt above I ſhall firſt ſhew the Uſe of, becauſe it 
is naturally in Uſe before that of Simple Intereſt, _ 
Example.) How many Days is contained between the 19th of No- 
vember and the 28th of March following? . 

N Rule.] This Table ſhews, that from November 1 FD Sc. to the 
ſame day of March, it is 120 Days. To which adding the Days 
that 28 exceeds 19, vis. 9, gives 129 Days for Anſwer. But in 

* caſe the Days you reckon to, are not ſo — thoſe you reckon 
from; then ſubſtract the difference. As, to find the Days between 
the 28th of November and the 4 — of March; November 28, Sc. to 
the ſame Day of March is 120 Days (as before) from which deduct- 
ing what 28 exceeds the 19th of November, and the Remainer is 

111 Days the Anſwer. | 
Te Uſe of the Table of Simple Intereſt, at 5 per Cent. 

Example 1 1455 is the Meerel of l. 700 from , x 5th of July to 
the 13th of April following, at 5 per Cent ? 

The Time is 282 Days, and againſt /. 700 under J 16 16 114 
280 Days, is — x — 


x And under 2 Days is oo: 3: 10 
Example 2.] To find the Intereſt of — — 
1. 470 from the 18th of December to Anſwer, l. 27: 00: 9 
* the 5th of April, at 5 per Cent. The Days. — — 
Time is 108 Days; and J. 400, under 100 = J. 5: 9: 7 
JI. 70, under 100 = 00:19: 2 
3. Or any more odd or l. 400, under 8 = 06: 8: 1 


larger Sums in noe J. 70, under 8 = 00: 1: 
of this kind may be mul- IF 4 
tiplied one in another, Sum or Anfwer = 1.6 : 19: 004 


and the Product of the 
Days and Pounds by the | 2 

0013699 at the beginning of the Table of 5 per Cent. for Anſwer. 
4. If you would find the Intereſt of J. 4700 (or other Sum above 

ou for So Sc. Days * | 

under 100 Days and 8 Days Againſt ditto under 100 is 13.6984 

againſt ditto you find the | | under 8 is 1.0936 

marginal Numbers, whoſe 


Sum being multiplied by Sum J. 14.7940 
4-7 (= 4700) gives the e Multiply by 4.7 


Anſwer J. 69 : 10 + 7 3. 


. Product Anſwer = 69.5318 
B b Such 
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Such Perſons as are minded to have an Inſtrument whereby to 
find the Number of Days between any two in the Year, may ſee 
the Form of one, Plate A. Fig. 25, and 26. which being done in 
Braſs, and of a fix-inch Radius, will moſt eaſily and accurately 
anſwer their End, FASO! 


be Deſcription and Uſe of the Circles of Days and Months. 
| (Fig. 25, 26. Plate A.) 


This conſiſts of a Circle (as Fig. 26.) divided into 365 Days, 
which is to turn round concentrically in a Circle, (Fig. 25.) divided 
into the Months in the Year, and each Month into its reſpeCtive 
Days: ſo that the inner Circle naturally meaſures the Days be- 
tween any two in any of the Months, in ordef to find the Intereſt or 
Diſcount tor thoſe Days. | 

Example.) How many Days are contained between the 15th of 
November and the 2d of May following ? 

For Anſwer, turn the Hand in the inner Circle to the 15th of 
November in the outer Circle, and againſt the 2d of May in that 
outer, you will find in the inner Circle 168 Days, including the 
Day you reckon from, and excluding that which you reckon to. 


Rules how by the two Tables of 4 and g per Cent. above, to find the 
Intereft at any Rate from 1 10 10 per Cent. incluſive, very eaſily 
and briefly. a 
For Inſtance, J 500 for 170 Days. 
8 — , e Examples. 
or 1 per Cent. take a fo lg :6:3:3 SP | 
' ofthe Int. at 4 per Cent. f of which 4 372 : 6:64 Anſwer, 
NN — l9:6:3:333is4:13:14 Anſwer. 
3 per Cent. is the Inter. LED 
at 4 per Cen. leſs a 4th >1.2:6:6:3 = 6:19:9 Anſwer, 
thereof, as lefs — - | 
6 per Cent. is the Inte- 
8 9 62323 


reſt at 4 per Cent. 

more half thereof 

more 4: 13: 1:3 
2 


d 19: 51 Anſw. 


7 per C. wake 1 
the Int. of 1 p. C. (as 8 p. C. is: 18: 12: 7: 2 . 
dom dt It. on Cie 2: 6 26 4 gives J 16: 6: of Auſo 
$ p. C. found thus, . q 


| Rules 
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| & 2 1 T | Examples. 7 
r 8 per Cent, e Int. ts ated, 
Fo 2 8 17 18:12 : 7:2 = 18:12:73; Anſ. 
. 4. per Cent. is 9: 6: 3:3 ä 
9 per Cent. add the Int. at 
4 and 5 per C. together 
5 per Cent. is 11: 12: 10: 2 
ro per Cent. add the Int. at I . 121022 
5 per Cent. to itſelf — f ** 1210 
more 11: 12: 10: 2 
II. The Uſe of Decimals in calculating Diſcount. T 
This matter wants very much to be ſet in a clear Light, for I 
have not yet ſeen it done; tho* I have not perhaps ſeen all that has 
been wrote upon it: But I know that a learned Author in Folio has 
intirely miſtaken it. . 

1. The Diſcount of Money is the Allowance made by the Cre- 
ditor out of a Sum of Money due to him at the end of ſome num- 
ber of Days, in conſideration of the prompt Payment 'of the Re- 
mainer by the Debtor. | 

2, That Sum paid down inſtead of the Principal due hereafter, 
may properly be called the preſent Worth ; in regard that if it were 
put out to Intereſt for the Days that the Diſcount is computed, it 
would amount to the Principal due at the end of thoſe Days. 

3. The Intereſt for any time is more than the Diſcount for that 
time; becauſe (ſuppoſe of J. 1 for 1 Day at 6 per Cent.) the Quo- 
tient muſt be more when .016438 ( the Intereſt of J. 100 for one 
Day) is divided only by 100, than when it is divided by 
J. 100.016438. | | | 

4. To find the preſent Worth of l. 1. due 1 Day hence at 6 per Cent. 

Days. l. Int. Day. J. Int. ; 
it, As - Ca _— 


Sum 20: 19: 24 Anſ. 


Cams: 5:9 Anſw. 


. . b J. Anſwer. 

2dly, As 1000.016438. 100 :: 1 99983565 
5. For the Diſcount of J. 1 for 1 Day. 

1, As 365, 6 :: 1. 016438 

2dly, As 100.016438. .016438 :: 1 to 00016435 
Here the Sum of the preſent Worth 3 
and Diſcount makes up the Principal Sum Proof, I. 1.00000000 
yable at time, as a Proof of the N 77 
ruth of both. 


Bb 2 6. Ano- 
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6. Another way to prove this, is to try. whether the Amount of 
the preſent Worth for the time, will up the Principal due at 
that time thus: „ * 
J. a l. „ 
100. 100016438 :: 99983565. to l. 1. 


Whence I find, that if J. 100 in 1 Day amount to 100. 016438; then 


the ſaid preſent Worth of 1 /. due at the end of 1 Day, will amount 
to l. 1: which is a ſecond Proof of the true Computation of the 
preſent Worth and Diſcount above. 5 
7. To illuſtrate this matter farther, I ſhall give another Example 
at large; which ſhall be to find the Diſcount of J. 1000 payable at 


the end of go Days at 6 per Cent. 


See the Operation, Days. J. Days. 
0 iſt, 36s 33 > 
2dly, As 101.47945. 1.47945 :: 1000. 14678829 ö 5 
1000 | 305) 540. (1.47945 
* ö , 175.0 (=100, 
101.47945) 1479.45000 (14.7882 Anf, | 290,0 (2 = 
| 464 65550 345.0 
58 73770. o a 165.0 
7 99777 5-0 19 0.0 
89421 35.0 = 
8237 7 90.0 
2194340 


And for Proof r01,47945. 100 : : 1000. 985.42118 preſ. Worth. 
Which added to the Diſcount = - - - - - 1457882 = 1000 
| Or for Proof fay, 100. 201,47945 : : 985.42118. 1000 


8. A New Way of Calculating Diſcount and Preſant Worth. 


But becauſe there are two Diviſions, and one of them very ope- 
roſe, I have Algebraically (as you may ſee in the Uſe of Algebra) 
2 this Rule or Canon, which has but one, and that a ſhorter 
—— 2 | 

1. For the preſent Worth ; Multiply the Days in a Year, the Prin- 


4, cipal given, and 100, in each other, for the Dividend. And add 


the Product of 365 by roo to that of the Days multiplied in the 


* 


Rate given, and the Sum is the Diviſor: ſg the Quote ariſing is 
the Anſwer. | _ -; 5 


the Diviſor. See the Work. 
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In the laſt Example, 365 in 100 is 36500, that in 1000 makes 
36500000, without farther trouble; then 365 by 100 = 365005 
more 90 Days in 6 (the Rate) is 340 and that Sum is = 37040, 


37040) 3650000. o (985142117 = the Anſwer, | 
. 31640 or preſent Worth., 
2.] For Diſcount ; Multi- 2008.0 — 4 

ply the Rate in the Princl- 156 0.0 


R given, and that in the 78 4.0 

ays given is your Divi- | 43 2.0 © 
dend. And the Product of 6 1 6.0 
365. Days by 100 added to 2 456.0 


that of the Days, in the — — 
Rate given, is the Diviſor. 2 
Thus the Principal in the 
Rate is — = 6000 
By the Days 90 


And 365 in 100=36500 | 3704.0) 54000.0 = Dividend (14.57883 = 
More go in 6 = 540 16960 | Diſcount, as 
2144.0 before. 
Diviſor = 37040 Sum. 292 0.0 
32 7 2.0 
308 8. o 
1248.0 


Note, By this laſt Method you uſe fewer Figures by aboye 40 
and have — a third of the — > f bet 
9. In Dr Harris's Lexicon the Diſcount for one Day is aſſerted to 
be the 365th part of that for a Lear: However this Miſtake came, 
I know not; but his two Folio Pages of Table of Diſcount being 
made upon the fame Principle, are likewife erroneous. And to 
prove this, it is ſufficient from the foregoing due Calculation, That 
the Diſcount of /. 1 for 1 Day, at 6 per Cent. is 00016435, and not 
0001 5 50788, as the Lexicon makes it. And to pretend that multi- 
plying the Diſcount of J. 1 for 1 Day, gives the Diſcount of one 
ound for other Days by which you multiply, is a wrong Notion ; 
becauſe * Day's Diſcount of J. 1 differs, being leſs according as 
'that Day is diſtant from 1,/ as appears plain from what _— 
| O 


of the Diſcount of 1.1000 1 00016435 I, 
for go Days to be done by 2 00032865 | 99916430 
the Tables in the Lex | 3 e et 
con, it would be }, © Sf: 4 |. S963 Nas 0 14 
but 3 — 10 it | 180 | 287386 | SIG, | 
Whereas tis in) 181 | 288937 | — | 
truth by the 0 182 | 290487 OE. | 
Caleulationa-e 1411 6 | 183 | 0292036 | 0901249 | 
bove — — —— | 362| 05616466 | 26s 
So that the faid Lexicon- 363 95631196 0014638 
Tables err in this Inſtance 364] 25945744 00014633 

12 5. f d. And were the 365 05660377 
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This is a full Indication ESA e 
that one Day's Diſcount at FT nn N 
the beginning of the Tear is“ | |Diſcounti of L 1. Differences or | 
much more than at the mid- | Days, | fur uboſe Days each Day's | | 
dle or end: and therefore | at 6 per Cent. * Diſcount. 

were the laſt Example above Je {OKC 


ö 


Days fewer, for which the J 
Pifoant is required, the 
Error would be proportionably ter. 
Hence it may be inferred, That no Tables of Diſcount can be 
uſed with Accuracy, but ſuch as have the Diſcount for every Day 
in the Year, becauſe every Day's Diſcount differethl. And had I 
time, and room in this Book, I would oblige the Publick with a 


Table of Diſcount for every Day, becauſe I know not of any true 


Table of Diſcount extant. But in the mean time, the following 
will be better than any yet publiſhed, - and will be found accurate 


enough in Practice. 
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9: f e Uſe of the Tables of Diſcount foregoing." | Fe 

Queſt. 1. What is the Diſcount of J. 700 (if paid 137 days before 
due) at 4 per Cent ? 


In che iſt Table againſt 7.700, under 130 days is J. 9 : 16 74 


700 under 7 - (part the 2d, 
4 che end o Pche Table— i 


IM Yom Samen Ane ts L. 50 7 101 
. 2. What is he Diſcount of l. 1500 for 57 Days at's er Cent? 


By the Method in the Margin, | 1. Day. 
the Anſwer is found j 1000 for DET 6:16: t 
1. 11:12: 41. 500 — — 3: 8201 
1000 for 7 = 19:2 
I ſhall give another — 500 — — 0 9213 
ple, Which takes in all the Va- — 
rieties of che Uſe gf che Ta. 11112 : 44=Sum 


ble. 
5 Note, That for 1, 2, 3, 4,5, 

Example 2. U. What Diſcount | 6, 7, 8, and 99 Days, from and 
at 5 per Cent. is to be allowed, | above go, Sc. to 360; I take 
to ſatisfy a Debt of 6 5000, |_ ind Tabular Mumbers a- 
91 Days before the ame is gainſt 1,2, Sc. to ꝗ, at the end 
due? ; of the Table of Diſcount. 

J. 2 Day 4. 
* 1000 n er go e 12.1786 }- 
And under I DET 0.1304. add 


Sum = 12.3090 


| Which maliphy bythe e d 5 


The Anfber or Product = 61.545 =. 611 11 


But had this Queſtion been done by the Tables in Dr es 8 
Lexicon, which he ſays are accurate; it will be found l. 2:5: 83 
too little. For 91 Days multiplied in d. 5000 gives 455000. 2 by 
Guts Tiles = inn 400000 == 452.1853 

7114 . $0000 = 6.3232 
49 f uns 4 . 6828 


baucg 5 0 San = 59.3608 =1. 59: 7: 24. 
Which 


Wend ani ee E. 63 7 


210 Uſe of Decimals in Compouti Interoſt. CHA v. II. 
Which taken from my Diſcount above, is too little by J. 2: 3: 84 
as have fully proved before the Tables aby. 


m o Compound Imteret « The Uſe of Decimals,) 


1 have ſhewed above, what Com Intereſt is, and now pro- 
ceed to give the Reader the Uſe of Decimals in computing thereof, 
Caſe 1. To find the Amount of any Sum of Money for any Num- 
ber of Years, as of 1.650, for g ears at 56 per Cent. per Ann. Com- 
pound Intereſt, wg 1 | | | 
* Rule. Firſt find the Amount of J. 1 for 5 Years, and multiply 
the 5th Year by J. 650, the Principal given, thus: 
Example.) If, 100. 105 :: 1. 1.05 = at the end of 1 Year. 
2 2dly, 100, 105 :: 1.05 : 3 
| + Iu n 1 
3dly, 100. 105 ; : 1.1025 = of the 2d Tear. 


105 


4thly, 100. 105 :: 1.157625 = of the 34 Year, 


10 
gthly, 100. 105 : : 1. 21350625 = the 4th Tear. 
5 | | 105 . 
Anſwer = 1.27628 15625 = 5th Year. 
| r ply. 


e Teure bag. 5530156 = Anfmer, | / 
Or it will be the ſame thing to 8 the 3d Number by 1.05 
F i. e. to multiply the Surſolid of 1.05 by 650. 


In chis e you ſee chat every Year requires a Multiplica- 
tion performed 83 2 Detimals, and 


the laſt by the 650, as per Compend. 6. whereby tis found, that if 
J. 650 be put out and forborn 5 Years, the Intereſt of that Princi- 
pal, and of the Intereſt accruing, will amount to J. 829 : 11 : 8. 
Caſe 2. To find the preſent Worth of any Sum due any Number 
of Years hence, as of 1. 829: 11 : 8 (or /.829.583015625) due at 
the end of 3 Years. See the Operation at 5 per Cent, _ 
Invereft, or divide the Number given, Fc. by 1.05, continually. 


1.05. 


r. VIIl. e Decimals in Compoind Trier, 211 
id 1 2! 106. too :: $29.5, 6 r 
LES. 1.05) eren iner 
443» tao) ert: Oh . ry 
ell inn:mdocs Al 74 
1 10 1 2 9 
651 
210 
628 
1000 
1 550 
— ' — a — 25 N —— 
0 79007. 1610059500 ( 52453524576 
5) n 949.1 2 orth 2 Tears bence.. 
550 * 
257 
476 
562 } 
370 
550 
255 
459 
3 
800 — — 
— 650 


3dly, 105. 100: : 752463524376. 716.622423 = 4 Years bence. 

16.622423. 68 164 = gent Worth 4 

Au, 105. 100 :: 7 423. 682,497104 = pri 3 

| tog. 100 :: 682 164. 650: = ihe preſent — of the 
1 * viz. L: 11 : $ due at the end of 5 Years, 

ou may obſerve, an the 

e in * = — l And 29 Se for 

— Year multiplied by 100, vi 
poſed Rate of Intereſt, (arten tly contrary to by 206, you oy in 55 


— 


21 eee Drin Cn ene e. Ci avililc 
Caſe) the 4ch Proportional in che 5th Operation is J. 650, which 
is the preſent Worth of * 829 : 11: 8, due at. the end of 5 Tears; 
which proves the Truth of che laſt Caſe. 

And after the ſame manner, had you deſired to have found the 
preſent Worth of l. 1 due 5 Years henct, the ſeveral Years Decreaſe 
would be as in the following Table, Column-2; from that of Years. 


— 
—_ 


G — 2 — | | 
[ The preſent| The Amount | The preſent 
Years, | The Amount| Worth of | of 1, 1. An- [Werth of l. 1. 


EO WEE, + Hy. nuity. Annuity. 
1.05 95238095 1 95238095 
1.1025 - 90702947 2.05 1.85941042 
1.157625 |.86383759 [3.1525 2.72324801 


1.21550625| $227024714.310125 [3.54595048 
andrea andy 5.52563125 ori 


1 


UM Sep Wo Db 


ears, you will eaſily conſider, that at the end of 1 Year there is 
1 Year's Income due without any Intereſt; for the 2d Year, at the 
end of that there is 2 Years Income due, and the Intereſt of 1 Lear; 
at the end of the 3d Vear, there is due 3 Years Income; 2 Years 
Intereſt of the 1ſt Year's Income, 1 Year's Intereſt of the 2d Year's. 
Income, and 1 Year's Intereſt of. the Intereſt of the iſt Year's In- 
Come, Sc. g ON 8 
Thus ſuppoſe the Rent 1 J. per Ann. the 3 Years income is /. 3 
| 2 Years Intereſt of the 1ſt Years:Income = 0.1 
1 Years Intereſt of the 2d Years Income = 0.05. 


s 
1 2 8 " 3 1 - 
The Sum is the.utmoſt Improveme thi 

che u mprovement of this } _ 3.4525 


Annuity for 3 Years, us. — — 

Hence it follows, that a Table of the Amount of 1 J. Annuity, as 
the 3d Column above, is made from tlie Column of the Amount 
of l. 1, by making the Tabular Number for the iſt Year 1; for the 
Ad in the 3d Column the Sum of the 2 firſt Numbers in the iſt and 
gd Columns; the 3d Number in the 3d. is the Sum of the 
ad Number in the iſt and 3d Columna, iM 1 T 1 05 
7. Number 05 vnd VIt%*E zal ic 23371 391 [1 


Go . 
4 
* 7 
9 


89 


| My | 
Skar. WII. U Danna i Cnupevilt Laser. 413 
-:\+ Cafe 4. To find the pre ſent Worth of an Annuity due any Num 
ber of Years to come, it muſt be conſidered that the preſent: Worth 
of 1d. Annuity to inue 1 Year ische ſame; with the preſent 
Worth of ll due a Lear hence. Su chat the preſent Worth of an 
Annuity too cοðntinue 2 Years; is the Sum of the pre Worth 
of for. 1 Lear, and the preſent Worth of the like Sum with 
the Annuity to continue a Tears; and thus the 4th Column in the 
above Table is made: For 99115307 Agia 6 7d ob ot 

NG Col. MM a Lp * 

The 1 in the 4 is .95238095 Sum = the 2d in Column 4 
0 10h 42 90702947  - r 
„ 2 —4—1.8 5941042 Sum == the 3d in Column 4 
199191  Brr—— $6383759! ux. 2.72324801, Cc. 
Caſe 5. To find what Annuity, to continue any Number of Years, 
any Sum will purchaſe. Divide a Unit by any of the Numbers 
which are the preſent Worth of Li Annuity for any Years, and the 
Quotient ſhews the Annuity that 7. 1 will purchaſe to continue thoſe 
ears. Thus if I would know what J. 1 will purchaſe per Ann. to 
eee Sears. ov 002 vw tone, IAGG9 nies aN 


* "AS 432947664. 1 * : 1..23097480 = Anſw. = 45. 7 d.3 per Am. 
Farther Rules concerning the froe Caſes above. 


£153 2:19. m15-1 9 21:99 15430 n 16T 22411 963 DAA 

1. To enlarge the Numbers tabulated above, and what is under 
the 5th Cafe, to any Number of Years, two ways. 
2, How. to uſe them for any other Sum, above l. 14. 
1. You may augment the firſt and ſecond Columns by. ſeveral 
Operations, as taught above, from 5 Years to 50, &c. and from 
them may make the third and fourth Columns, and another ſhewing . 
what J. 1 will purchaſe to continue thoſe Years. 

Or, Becaufe the Numbers in the 1ſt Column of Compound In- 
tereſt are in proportion as 100 to 105, or as 1 to 1.05, therefore 
that Column is a Series in Geometrical Proportion, whoſe Ratio is 
1.05, ſo that (as in Progreſſion; Sect. 2. Chap. II.) if you have no oc- 
caſion for the intermediate Numbers, but would know the Amount, 

« Preſent Worth of any Sum or Annuity, Sc. for 41 Lears; for the 
Amount of J. 1. multiply the 1.276281 56 by itſelf, and it produceth 
the Amount for 10 Years; which if you multiply by itſelf, pro- 
duceth the Amount for 20 Years; and that multiplied by itſelf, 
produceth the Amount fer 40 Years, And having done the _ 
| wah 


£ 


, 


f 5 = 

zt Ve of Derimalc in C leg. Cn. II. 
with the 2d Column (of the preſent Worth of 7. 1) and found the 
preſent Worth for 40 Years; you may eaſily the Rules under 
the firſt and ſecond Caſe find the Amount or preſent Worth for one 
Year more. And having thoſe two for 40 and 41 Years, you may 
eaſily from thence caleulate the Amount, preſent Worth, or Pur. 
chaſe of Annuities, as is ſhewed under the 3d, 4th and 5th Caſes. 
- For Sums of Money or Annuities above J. 1, you have nothing 
to do but to multiply reſpectively by ſuch Pounds: Thus for J. 500 
* 5 Years. ; 9 E 


If you multiply 1.27628 136 by 300 you have the Amount of 
N nt ni b Mus} Sens. -s, 5 Years. 
.78352616 by 500,. you have the preſent 
; (Worth of l. 500 due 5 Years hence. 
5.52563125 by 500, you have the Amount 
97.3 ta Nu v ö * (of, 500 dom — 5 4.— 
43᷑.3 2947664 by , ve the preſent 
O0 O Sladanug 42 | 11 ie ia. 
| And as in Caſe 5. .2309748 by 500, you have the Annui 
ne e , ion that J. 500 will purchaſe 
to continue 5 Years. 
And the like for any other Sums or Term of Years. 
But all theſe things (if r are without Tables of Intereſt) are 
moſt eaſily and conciſely done by the Logarithms, as appears in 
that Part of Arithmetic hereafter following. | | 


— 
— — 2 
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ComeounD INTEREST at 3 per Cent. 


2ears. 


S Ow OO 


TABLE I. 


The Amount 
of 1. 1. 


1.03 
1.0609 
1.092727 
1.123508 8 
11592741 
1.19405 23 
1.2298739 


 1.2667701 


1.3047 732 


13439164 


13842339 
1.4257609 
1.4685337 
1.5125897 
1.5579674 
1.6047064 
1.6528476 
1.7024331 
1.7535061 
1.8061112 
1.8602946 
1.9161034 
1.9735865 
2.0327941 
2.0937779 
2.136913 
2. 2212890 
2.2879277 
2.3505655 
2,4272625 
2.5000803 


TAL II. 


The pre- 
ſent Worth 
of 1. 1. 


9708738 
9423939 
9151417 


8884870 
8626088 
8374843 


8130915 
7894092 
7664167 


7440939 


7224213 
7013799 


6809313 


6611178 
6418619 
6231669 
6050164 
5873946 
5702860 
5536758 
+537 5493 


5218925 


5066917 
4919337 
4776066 
4636947 
4501891 
4370768 


4243464 


4119868 
3999871 


TABLE III. 

The Amount 
of 1.1 An- 
nuity. 


1 
2.03 
. 3.0909 
4.183627 
5-3091358 
6.4684099 
7.6624622 
8.8923360 
IO.1591061 
11.4638793 
12.6077957 
I 4.1920296 
15.6177904 
17,0863242 
18.5989139 
20. 13688 13 
21.761358 77 
23.4144354 
25.1168684. 


26.8703745 | 


28.6764857 


30.5367803 


32.4528837 


344264702 
36.4592643 
38. 5530422 


40. 7096335 


42.9 309223 


45.218802 


47.575417 
50.002678 2 


TABLE IV. 

The preſent 

Worth of |. 1. 
Annuity, 


+9708738 
1.9134697 
2.8286114 


3.7170984. 


 +:55797072 


5.4171914 

6.2302829 

7.0196922 

7.7861089 

8.5302028 

9.2526241 

9.95 40040 
10.6349553 
11,2960731 
11.9379351 
12,5611020 
13.1661185 
13.7535131T 
14.3237991 
14.8774748 
15.4150241 
15.9369166 
I6.4436084 
16.9355421 
17.4131477 
17.87 68420 
18.3270315 
18,7641082 
19.1884546 
19.6004413 
20,0004285 


ser. VIII. Tables of Compound Intereſt to 61 Tears... at 


 ComreoUunDINTEREST at 3 per Cent. 


 Tantz I. | 
Continu'd. 


The Amount 
of l. 1. 


2.5750828$ : 
| 2.6523352 | 


2.7 319053 
2.81 38624 


2.8 982783 


2. 9852267 
3.074 7835 
3.1670270 
3.2620378 


3.3598989 | 
34606959 
| 3-6714523 


3.7815959 
3.89524.37 
4.0118950 


f 4.132259 


4.2562194 


4.383900 


45154232 


4.6508839 
47904125 
493412. 

705871486 
5. 2346131 
53916515 


5.534010 


5.720030 


58916031 
6. 0683512 


3065568 


| 2644386 


2419988 
4 23403 


2214632 
21501 28 


1697331 


TABL II. 
Continu'd. 
The preſent 
Worth of 
1. 
N 
3883370 
3770262 
3660449 
3553834 
3450324 
3349829 
3252262 
31575313 


2976280 
2889592 
2805429 
2723718 


2567365 
2492588 


2281071 


2087 503 
2026702 
1967672 
1910361 
1854719 
1800698 
1748251 | 


1647894 
Ff 


TasLu III. 
Continu'd. 


The Amount of 


L u Annuity, 


52. 5027585 


55.077843 


57.730176 


60.46 20818 


63. 2759443 
666.1742226 


69-1 594493 
72.2342327 
754012597 


82.0231964 
855.4838923 


89.0484 191 
92.71 98614 
96.5014572 


100. 396 50 
104.4083960 


108.5406479 
112.7968673 


117.1807733 
121.6961966 
126.3470825 
131.1374949 


136.0716198 
141.1537684 
146.3883815 
151.7800329 
157.3234339 
163.0534369 


168.9450 40 


Tanrg IV. 
Continu'd. 
The preſent © 

Worth of 1. 1. 
Annuity, 


20.3887655 


20.765791 8 


21.1318367 
214872200 
21.8322525 
22.1672354 
22.492461 


22.808215 
23.114779 


234123999 
23.7013 592 
23. 9819021 
242542739 
24.187125 
24.775440 
25.0247078 
25. 206 76 
25. 5016569 
257297640 
259512271 
261662399 
26. 3749902 
26.5776 04⁰ 
267744276 
26. 9654637 
27.1 509356 
27.3310054 
27.058305 
27.675636 
27. 8403530 


| 
3 
| 

| 


218 

4218 

2 
— 


Zears. 


8 S AO 


/ 


| TanLE V. | 
[ The Amount 


of 1. I, 


1.04 
1.0816 
1.124864 
1.1698 586 
1.2166 529 
1.265319 


1.31393 18 


1.36856 91 
143887 18 
4802443 
3394541 


| 45 
1.66 50% 35 
1.1316764 
I. og 
1. 729 ra 
"| 1.9479005 
2.258165. 
2. 1068492 
21911231 
- 2-2787681 © | 
i 

46155 


2.563042 


D 6658363 | 

2.77246 98 | 
2.908733 
3.1186515 | 
3-2433975 
3-37 31334 


6 * 


'4 


Tas. VI. 


1 = 


9615385 
9245562 
8889964 
8548042 


8219271 


7903145 
7599178 
7306901 
7025866 
675 5641 
6495808 
6245970 


56005740 


5774750 


133552644 
5133732 


4936281 
555 


3869 
43883257 


421853 3 
4057263 


390121 


«$3751 5 
3606892 
3468165 


334774 
3206514 
3083186 


+2964602 


| 
| 
4 
p 


| 


TABLE VII. 


The Amount of | 
I. 1 Annuity. 


' 


1.0 


2.04 


3.1216 
4.245464 
5.4163 226 


7.898294 
9.2142263 | 


10.5827953 | 
12.006 1071 


15. 0258055 


16.6268377 
18.2919112 


20.0235876 


218245311 


223.6975124 
256454129 


27.6712294 
29.7780786 


2 di 
2.38885 
356.6178886 


39.082604 1 
41.645983 
443117446 
47. 0842144 
49.96 75830 


J2.9662863 


56. 0849377 
359.3283352 


Tables of Compound Intereſt to 61 Years. CHAP. III. 


CoMrOUND oy at 4 per Cent. 


Tas. VIII. 

The preſent 

Worth of 1 1. 
Aunuity. 


2515385 
1. 8860947 


2.77509 10 


3.6298952 
| 4.458223 
6. 63297557 


5.2421369 
6.0 20547 


6.727448 


4353314 
1108955 
8.704763 
9.385073 
9.9856473 
T0.5631223 
11.1 183868 


11.65 22949 
12.16 566 80 


12.6 592961 
193.1339385 
13.5903253 


14.0291 589 
114.4511142 
114.8568405 
| 15-2469619 


I5-6220787 
I5-9827678 
16-3295844 


1646630618 
16:98371 32 


17-2920318 


1745884921 


Spor. VIII. Tables of Compound Intereſt to 61 Tears. 2r9 


\ComrpounD INTEREST at 4 per Cent. 


Hp 


| Continu'd. 


Years, 


| 


| þ 


TAMRE V. 


The Amount 
of l. 1. 


3-5080587 
3+6482811T 
3.7943163 
3.9460890 


41039326 
4-2680899 


4-4. 3881 34- 


46163660 


4. 801 o 200 


* 4:9930615 
5. 1927839 


54004953 
56165151 
58411757 
6. 0748227 


6. 3178156 


65705282 
6.833344 
7. 1066833 
7-3 909507 
7.6865887 
7-9940522 
8.3138143 
8.646366 9 
8. 9922216 
9.3519105 
9.7259869 
101150263 


100.5196274 


10. 9404125 


TALI VI. 
Continu'd. 
The preſent 
Worth of 

E 


| .2850579 
| .274094 1 
2635521 
2534154 
2436687 
2342968 


2002779 
1925749 
1851682 
1780463 
1711984. 
5 
1582825 
1521947 
1463411 
1407126 
| -1353006 
. .1 300967 
1250930. 
21202817 
«1156555 
1112072 
. 1069300 
.1028173 
0988628 
«0950604. 


| 
li 
| 
. 


| 
| 


| 


2252854 
2166206 
1. 2082890 


0914042 


TABLE VII. 
Continu'd. 


The Amount of 
I. 1. Annuity. 


62.7014687 


- 66.2095274 
69.857900 45 


73.522248 
77.5983 138 
817022454 
85-9703362 
90-4091497 


95-025FL57- 


99. 826 5363 


110.0123817 


115.4128769 
121.0293 920 


126.8705677 


132.9453904 
139.263 2060 


145-8337342 | 


152.6670836 
159.7737670 
167.1647176 
174-851 3063 
182.8453586 
191.1591729 
199.8055 398 
208.7977614 


218.1496719 


227.8756 588 
237. 990685 
248.5103125 


Ff 2 


| 


| 


TazLz VIII. 
Continu'd. 
The preſent 

Worth of 1. 1. 

Annuity. 


17.8735500 


' 18.1476441 


18.4111962 
18.6645116 
18. 9082803 


19.142771 


119.3678625 


195844831 
19.792772 


19. 9930500 
104.8195978 


20. 1856250 
20.370793 


20. 5488395 


20.7 200378 
20.884657 
211.0429342 
211.1951289 
213414700 
211.4821826 
216174832 
21. 7475800 
218726729 
21.9929546 
22.1086100 
22-2198172 
22.3267472 
22.4295645 
22-5284273 
22-6234877 
22.7148919 


220 Tables of Compound Intereſt to 61 Tears, C HAP. II. 


Cor ND INTEREST at 5 per Cent. 


Years. 


8 O AAS yy RN = 


| | TABLEIX. 


The Amount 


of 1. 1. 


1.05 
1.1025 
I.157625 
1,2155063 
1.2762816 
1.3400956: 
1.407 1064 
1.4774554 
1,5513282 
oY | .6288946 
1.7103393 
1.798563 
1.88 56491 
19799316 


— * * 


2.1828746 
2.2920183 


2.5269502 
2.653297 
2.78596 26 
2.925 2607 
3.0715238 


3.3863549 
3.5556727 
3-7 334563 
 3.920129T 
4.116 1355 


4.3219424 


2,0789282 - 


2.4066192 + 


3.225100 


45380395 


ne 


The preſent 


Worth of 
I. 1. 


95723809 


9070294 


8638376 
8227025 
7835262 


7462154 


7106813 
6768394 
6446089 
- 6139133 
+5846 929 


3568374 
5303273 
5o5o68o 


4810171 


4581115 
4362967 


4155207 


3957340 
. 3768895 
3589424 


3418499 


3255713 


3100679 
2953028 
2812407 
2678483 
2550936 
2429463 


2313774 


2203595 


8 The Amount of 
I. 1. Annuity. 


41.430471 


70. 7607898 


TABLE þ + 5 s 


1. o 

2.05. 

3-1525 
4.3 101 25 

5$.3256312 

6.8919128 

8.1 420084. 


9.5491089 | 


11.0265643 
12.5778925 
14.2067871 
15.9171265 
17.7129828 


19.5986320 


21. 5785636 
236574918 
25. 8403664 
28.1 323847 
30.5 390039 
33.06 59741 
335.7192518 
38.5052144 


44. 5019989 
47.7 270988 
351.1134537 
54.6691 264; 
58.4025827 
62-3227119 
66.438847 


* 


Tas. XII. 
be preſent 
Worth of l. 1. 
= Annuity, 
9523809 
1. 8594103 
2. 7232480 
35459505 
43294767 
$.0756921T 
5.7863734 
6.4632128 
7.1078217 
7.7217349 
8.306442 
8.832516 
9.3935730 
9.898409 
10.3796580 
100.8377695 
11. 2740662 
11.6895869 
12,0853208 
12.4622103 
12.8211527 
13.16 30026 
113.4885739 
137986418 
140939445 
143751853 
146430336 
148981272 
15.1410735 
15.372450 


| 


15.5928 104 


SE r. VIII. Tables of Compound Intereſt to 61 Tears. 22 


- ComPounD INTEREST at 5 per Cent. 


1 


| 


„ 


| 


Tans IX. 
Continu'd. 


of L I. 


4.764945 
5.003 1885 
5.253348 


5. 5160154 
5.7918161 


6.081409 


6.384773 


6.704751: 


7.039988) 


7.391988 1 
7.76 15875 


8.1496669 


8.5571503 

8.98 50078 

9.4342582 

9.905971 
10. 4012696 
109213331 
11.467400 
12. 0407698 
12.642808 2 
13. 27494 86 
13.938696 1 
14.53 56309 
15.3674124 
16.135783 l 
169425722 
17. 7897008 
18.679188 
19.613145 


| T'aBLE X. | TasL XI. 
Continu'd, Continu'd. 
The preſent | * 
Worth of | The Amount of 
I. 1. I. 1. Annuity. 
2098562 75.2988293 
1998725 80.06 37708 
1903548 | 850669593 
1812903 90. 3203073 
1726574 | - 95.8363226 
1644356 101.6281287 
1566054 107.7095457 
1491480 114.0950229 
1420457 120.7997741 
1352816 | 127.8397628 
1288398 | 135.2317509 
1227044 142.9933385 
1168613 [151.1430054 
1112965 [159.7001556 
| 1059967 | 168.6851634 
co g492 | 178.1194216 
0961421 188.0253927 
915639 [198.4266623 
0872037 | 209.3479954 
.0830512 | 22c-8153952 
.0790963 | 232-8561649 
0753298 | 245:4989731 
717427 | 258-7739218 
683264 | 272:7126179 
0650727 | 287-3482488 
0619740 | 302-7156612 
0590229 | 318-3514442 
0562123 | 3357940164 
0535355 | 353-5837172 
0509862 1 372.2629031 


Tas. XII. 
Continu'd. 
The preſent 


orth of 1.1. 
Amnuity. 


[1 5.8026766 


' 16.0025491 
16.1929039 


| 16.3741942 


16.5468516 
16.7112872 
16-8678926 
17.0170406 
17.1590862 
17-294.3678 
17.423207 
17.545911 
176627732 
177740697 
17. 880066 3 
17. 9810155 
18.077176 
181687215 
18.2559253 
8.338974 
18. 4180728 
18.493402 
18.5651453 
18.6334720 * 
18.6985444 
18.7605185 
18-81954 14. 
18.875753 
189292882 
18. 9802743 


»„——p— 


222 


Tables of Compound Intereſt to 61 Ter. Cu av. Ill. 


CoMPOUND INTEREST at 6 per Cont 


1 


© O AS 


Tas. XIII. Tas. XIV. 
| | The preſent 
| The Amount | Worth of 

of 1 I. 1... 

1.06 | -9433962 

1.1233 F 8899964 

1. 191018 [8296193 

1. 2624769 79209307 

1.3 382256 7472582 
1.418591 [7049605 
1. 5036303 ( 5650571 
1.5938 481 56274124 
1.6894790 5918985 
1.908477 3583948 
1. 8982980 5267875 
2. 0121965 f 4969694 
213292838 46883 90 
2. 2609039 4423010 
2.3965582 4172651 

2.5402517 3936463 

2.6927728 3713644 

2.8543292 | 3503438 

3.0255995 | +3305130 

3-2071355 [3118047 

3-3995636 | 2941554 
3.6035374 2775051 

3.8197497 2617973 

40489346 2469786 

4.291877 [2329986 

4-5493829 | 2198100 

4-8223459 2073680 

51116866 1956301 

54183878 1845567 

67434911 [1741101 

6.088 1006 1642548 


4 
% | The Amount of 


TABLE XV. 


I. 1. Annutty. | 


1.0 
002.66 -- 7 

þ 3.1836 
4.374605 


9.897468 


111.4913162 


13.1 807958 
114.9716435 


116.8699420 
418.8821385 


2110150667 - 


25.6725289 
28. 2128806 
30.9056 534 
337599925 

36.785 5920 

399927275 

43.392291 1 

46.958285 

50.815782 

54-8645128 

59-156 3835 

63-7057664 

68-5281123 

736397990 

79-0581868- 


. 84-8016779 


4 

J. 65370930 

656.9753187 
1 $-2938378 

| 


TARLEXVI. 

Me preſent 

Worth of l. 1. 
Annuity. 


9433962 
1.83 33926 
2.6730119 


3.4651056 


4.2123638 
4-917 3244. 
$-5823815 


6.2097939 


6.8016923 


7. 3600871 
7.8868747 


8-3838440 


| 8.852683 1 
N 92949840 

1 23•2759%7 

3 þ 100.1058953 

1064772597 


97122491 


108276035 
111581165 
114699213 


111.7640767 
112.0415818 


123033790 
12.550357 
12.783 3562 
13.003 1663 
13.2105342 
13.406 1644 
113.5907211 
13.764832 
13-97 90861 


Scr. VIII. Tables of Compound Intereſt to 61 Tears. 223 


_ ComreounD INTEREST at 6 per Cent. 


1 


b 


wil 


10. 902860 
111.5570326 


8.6 360870 
9.1542523 
| 9.7035074 


166.3938716 


332.9876905 


34. 96695 20 


TAB. XIII. 
Continu'd. 


The Amount 
F I. 1. 


644533856 | 
6.840 58988 
7.251025 
7. 6860867 
8.1472519 


10. 2857178 


12.250454 
12.98 54818 
13.7646 107 
14. 5904873 
15. 4659166 


173775039 
184201541 
19-5253634 
20.6968852 
21.9336983 
23-2550202 
24-6 503214 
26-1293406 
27.69710T1 
29-3589272 
31.1204628 


13791 


„1030555 
1250972222 
0917190 
0865274 


0512154 


0340612 


TAB. XIV. 
Continu'd. 

The preſent | 
Worth of. : 


r. 


1549574 
1461862 ö 


1301052 
122747 


1157932 | 


1092388 


— — — =" * = = 


0816296 
:0770091 
.07265OO 
0685378 
646583 
0609984 
0575457. 
0542884 


0483164 
0455816 
0430015 
0405674 
0382712 
036 1049 


0321332 
0303143 


TAB. XV. 
Continu'd. 


I. 1. Annuity. 


| 


135.9042059 
145.0584581 
15476196355 


* 


— 


175.9505442 


199. 75803 14 
212.7435132 
226. 508 1239 


256.5645278 
272.9583994 
290.3339032 
308.7560573 
328.2814 


— 


338.9783059 
370.9170041 


3941720243 
418.8223456 
| 444-95 16863 
472.6487874 
502.0077145 
523.1281773 


285984 


366.1158679 


be Amount of 


- 90.88 97785 . 
© 97+3431652 + 
104.1837550 
111.4347802 
119.1208669 
127.2681188 


165.0476833 
187.5075769 


241.0986112 


Tas. XVI. 
Continu'd. 
The preſent 
ortb of l. 1. 
Annuity. 


14-0840435 
1442302297 
14:3681412 
144982465 
14. 6209872 
14.7 367804 
14-8460192 
14-94 90747 


15. 0462969 


15. 1380160 


152245424 


15.306 1730 
115.3831821 
154558321 
155243699 
15. 5890282 
15. 65004266 
15.707723 


15.7618610 


15.81 30761 
15.8613925 
15.906974 L 
15. 9499760 
15.9905430, 


16.0288 141 


186.0649190 
16. 0989802 
161311134 
161614277 
16.190026 1 


224 


Tables of Compound Intereft to 61 Tears: Crap, III. 


.ComeounD INTEREST at 8 per Cent. 


. 


© N e = 


Tas, XVII. 


1 : The Amount | 


ay 


of 1. 1. 


I.08 
1.1664 


17138243 
1.8 509302 


2.518170 
2.7196237 
2.9371936 
3.172I691 
3.4259426 
3.7000181 
3. 9960195 
43157011 
4.609571 
50338337 


3.436544 


5. 8714636 


7.39635 32 
7.98806 15 
8.6271064 
9-3172749 
10.0626569 


10.8676694 


1.259712 
1.36048 90 
1. 4693281 
1.58687 43 


6.3411807 
6.84847 52 


1.5990046 | 


- 2.1589250 
142.3316390 


The preſent 
2 of 
. 


9259259 
8573388 


77538224 


2350299 
6805832 


5834904 


4288829 
3971138 
3676979 


340461 
3152417 
2918905 


2502490 
2317121 
2145482 
1986557 
1839405 
1703153 
1576903 
1460179 
1352018 
1251868 
1159137 
1073275 
993773 


TAB. XVIII. 


63016986 
5402689 


002490 
46319335 


2702689 


o 20160 


TABLE XIX. 


The Amount of 
I. 1. Annuity. 


1.0 
2.08 


3.2464 


8 f 4.506112 | 


5.866010 


7.3359290 


8.922804 
10.6 366 276 


142.4875579 
14.486 5626 
116.6454876 
18-9771266 
21-4952967 


24-2149204. 


- 27-1521140 * 
 30-3242831 


33-7502258 
37-45024.38 
41-4462633 


457619644 


504229215 
$5-4567552 
60-8932956 
66.7647593 
73-105 94090 
79-9544152 
87.3507684 
 95-3388299 
103-9659363 
113.2832112 
123.3458680 


TABLE XX. 

The preſent 
Worth of 1. 1. 

Annuity. 


9259259 
I.7832648 
2.37719979 
3.3121268 

 3-9927100 
46228797 
5.206370 


5-7466389 


.. 6.2468879 


6.71008 14 


7.1389643 
7.530780 
7.903775 


82442370 
85594790 
8.8513691 
91216381 
9.2718871 
9.6035992 
9.8181474. 
10.0168021 
10-2007436 
10-2710589 


110.5287582 


106747761 
10. 8099779 
10. 9351647 
11.05 10784 
111584059 
112577833 
113497993 
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-1 Tas. XVII. 


Continu'd. 


of 1, 1. 
11.7370830 


15.9681718 
17.245255 
186252756 


217245214 
23-4624832 
25-3394818 
27. 3666404 


— 


31-9204493 
344740853 
37.232012 
40. 2105730 
43:4274189 
46-90I16124 
50-6537414 
54-7060407 
59.0825249 
63-8091259 
68-9138560 
74-4269644 
$0.-3811216 
886.8116113 
93-756 5402 
101.2570634 


109.3576285 


12.6760 498 
13.6901336 


20.1 152976 


29.5559716 


TAS. XVIII. 
Continu'd. 
© | The preſent. 
Worth of 


1 


.o852000 


-0788889 


0730453 
0676347 


os 2624 
0579857 
+05 36905 


0497134 
. «0460309 ,.; 
0426212 


0394641 


365408 


0338341 


9 [＋ò ; 
0 
| 5288506 


0248691 
0230269 
0213212 
0197419 
0182795 
0169255 
0156717 
0145109 
0134360 
0124408 


0115192 


0106660 
98759 


| 


| 


Tas, XIX. 
| Continu'd. 


I. 1. Annuity. 


134.2135375 


172.3168037 
187. 1021480 


203.0703 98 


238.9412209 
259.0565186 


304.2435232 
329.5830050 


386. 50 56 169 


490.1321636 
530.3427367 


620.67 17680 


726.0315501 
785. 1140741 
848.9232000 
917.8370559 
992.2640203 
1072.645149 
fl $9-4567532 
1253-21 32934 


l 354-4703 569 


| The Amount of J 


145.9506205 
158.6266701 


220-3159454 | 
280.781 o 4 
356.9496454 
418.4260663 


452.9001515 


973.7701556 
671. 32550 


; 


Ca MM. 


| 


TAB. XX. 

Continu'd. 
We preſent 
Warth of l. 1. 
| uity. 


11. 4349993 
11.5138883 
11.5869336 


11.654568 


117171927 
11.751784 
11.8 288689 
111.8785823 
119246132 


111.9672344 


12.006698 5 
12.432394 
12.720735 
12.084014 
12. 1374087 
12.1642673 
12.1891 263 
I2.21 21633 
I 2.2334845 
12.25 32264. 
12.2715259 
I 2.2834 314 
12.304I03L 
12.3186140 
12.3320500 
1 2.3444908 
12.3560100 
I 2.266 5760 
12-32755518 
I2.38569652 
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1 
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DO ON = Y 


1 


1 1 
1 1051 | 
1.771561 
1.948711 
2.143 5888 
2.357 9477 


2.8531 167 

2-1 384234 
3.4522712 
3.7974983 


4.172482 
4.949730 


5.9544703 | 
5. 5599173 
6.1159099 
6.7274999 


8.9543024 
9.8497327 


10. 8247059 


11. 9189765 
13. 1099942 


144209938 
15. 86 30930 


17.444923 
19.1943425 


2.553747 


7.4024 
8.1402749 } 


— —„— 


x 


TAB. XXII. 
338 $f The preſent | BY 
Worth of e Amount of 
1. 1 8 * I Amity; 
9090909 le} 
57513148 |" + oe 
. 58381 3 l 4. 
6209213 [ 6. 105 
5644739 | 7-71 561 
5131581 | 8487171 
4665074 114358881 
424976 13.794762 
3855433 [13.927446 
3504939 | 18.5311671 
3186308 | 211.3842838 
2896644 [ 245227121 
633313 [ 272749834 
1] -2393920 [ 31.7724877 
| 2752 © -35-9497299 
| 1978446 40. 544708 
1798588 45-5991731 | 
1635080 | 51.1590904 
1486436 57-2749995 
1351306 [ 640024994 
4228400 | 71-4027494 | 
4116782 | 279.5430243 
4015256 3 
0922960 98.347054 
' 0839055 109-1817654 
0762777 121.0999419 
0693433 134-2099361 |' 
0630294 148.6409297 
0573086 | 164-4940227 
0520987 181.9434250 


Tables of Compound Intereſt to ai Tears. Crar: It. 


ComrounDd INTEREST at 10 per Cent. 


Ing. XXIV. 
The preſent 
Worth of 1. 1. 


Ay. 


-9090909 
1.7355372 


4 2.48685 20 


3. 1698654 
3.7907868 
4.355267 

4.86 84188 


53849262 
57596238 
\- 6.144 5671 
-.6.4950610- 
6.8136918 
7.1033562 

7. 3666875 
76060795 
7.8237086 
8.0215533 
8.2014121 
8.3649201 
85125637 
8.648694 3 
8.7715403 
8.8832184 
8. 9847440 
9.077040 
9-160945 5 
92372232 
9.3065665 
93696059 
94269145 
9.47901 32 


szer. vm. 1. diser 0 ne, 227 


Compouxy Txrzarsr at To per Cent, 


Tate XXI. 'Tas:XXII | 
Continu'd. | Continu'd. - 
12 | | The preſent . 
«. | The Amount Worth of 
4 tk 
-21-1137757 | 0473624 
23:2251544 | +2430568 
T 25:5476699 [0397425 
| 28.1024368 | 355841 
30.91 26805 | ,0322492 
34-0039486 | 0294083 
- .37-404 3434. 267349 
411.1447778 [0243044 
1. 45-259255& 2201 
49.785181 [200863 
| 547635992 | -0182603 
60.2400692 0166002 
686.2640761 «0150911 
72. 8904837137192 
80. 1791321 | 124720. 
88.197485 32] 113382 
97.072338 103074 
106.7189572 093704 
117.3908529 08586 
129.1299252 |' 0077441 
142.4293 20 .007040T 
156.2472252 0064001 
1718719477 008183 
189.0591425 0052893 
56 207.6 50567 0048085 
37 228.76 156½4 00043714 
59 278.8014905 0036127 
60 304.4816395 [ 03 2843 
61 334.9298035 | .0029857 


TAB. XXIII. 
Continu'd. 


The Amount of 
I. 1. Annuity. 


201. 77 
222.25 1 5442 
245.4765988 
271.0243685 


299.1 268053 


330.0794 858 | 


364-0434 344 


401.4477779 
442.5925557 


487.8518112 
537.6369924 
592. 4006916 


652.5407608 
718.9048368 


791.7953205 
8719748526 
950. 1723378 
1057. 1895716 


1163. 9085288 
1281.299388 10 


14104293198 
15524722518 
1708.7 194769 
1880.59 14247 


2069.6505671 
2277.615538 
2506.3771862 


2758.0149048 


30348163953 
3 339.2980349 
Gg 2 


— 


| Tas, XXIV. 
8 


efe ſent 


Wes of 1. 1, 


Annuity. 


9.52637565 
9.5694 324 
9.6085749 
9.5441 590 


9.6765082 


9.709165 
9.7326514 
9-7569558 
97790507 
9.7991 370 


-9:8473973 


9.8339975 
9.849887 
9.86 28079 
98752799 


9.8866 181 


9. 8969255 
9.906 2959 


9.9148145 


9.9 225586 
9.929598 
99359989 
9.941871 
9.947065 
9.951950 
9.9562864 
998602603 
99638730 
9.967173 
9.701430 
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I have deſigned theſe Rates thus: The Columns of 3, 4 or 5 per 
Cent. for Incomes of Lands, Sc. that are certain; That Table at 
6 per Cent. for Houſes' new or in good Repair, Brick ; That of 
8 per Cent. for the Purchaſe, Fc. of Houſes that are pretty old; 
That of 40 per Cent, for very old Houſes, or not in very good Re- 
pair. And they may be uſed as every one's Diſcretion directs, ac- 
cording to the foregoing Rules. And as to this Table of Lives, if 
the Years Purchaſe be multiplied by the Annuity, the Product ſhews 
the Value of ſuch Eſtate for ſuch Life. Examples follo x. 


* 4 


The Value of @ Life at the ſeveral Ages thereof. — 


— 


4 


Tears Years Years + 
Age Purchaſe. Ae. Purchaſe. WM... Purchaſe. 
I 10,28 25 12.27 50 9.21 
- ha 13.4 | 30 11.72 55 8.51 
410 13.44 nns. 1; <0 7.60 
15 1333 40 10.67 66 VM 6.54 
e 


20 12.78 45 9.91 


6— —„- 
1 


The Uſe of theſe Tables of Compound Intereſt. 


Prop. 1.] To find the Amount of any Sum of Money for any 
Number of Years. This is done by the firſt Column towards the left 
hand; - ſo the Amount of J. 30 in 30 Years | 
Compound Intereſt allow'd at 5 per Cent. is ' 11,4674091 
[.573:7: 5; found by multiplying the Tabula 50 
Number againſt 50 Years by J. 30 thus. — 

Prop. 2.] An Office is worth l. 500: What 7. 573.3704550 
may be paid in preſent Money to enter upon — 
it 15 Vears hence? This is done by the 


2d Column at 5 per Cent. by multiplying the 4810171 

preſent Worth of J. 1. due 15 Years hence by _ 500 
goo, as in the Margin, where the Anſwer is — 

J. 240: 10: 2. J. 240.508 5500 


Prop. 3.] Annuity of 70 J. per Ann. is 
forborn 33 Tears, what is the Improvement, Compound Intereſt 
| being 
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being allow'd the Owner at 5 per Years. | 
Cent? By multiplying the A- J. 1. per Ann. 33 0. 0638328 
mount of J. 1 per Ann. in 33 Years 70 
by the Annuity J. 70, you have - | 
the Anſwer J. 5604 :9 : 43. J. 5604.4682960 


Prop. 4.] There are 13 Years 
to come in the Leaſe of an Houſe that is 1 but in good 
Repair, and is I. 30 per Ann. clear; what is a er Leaſe for 31 
Years worth in preſent Money, at the Rate of 8 per Cent? 

I add the 31 Years Reverſion f 
to the 13 in efſe makes 44. Years. 

The preſent Worth of /. 1 due J 1 per Ann. 44 =1.12,0770735 
44 Years hence, is 12.0770735z L — — 13 =. 7.9037759 


from which deduct the preſent a 

Worth for 13 Years, and the . mim 
Reſt is multiplied by 30 for An- . 140 
ſwer: All by the Table of 8 per Anſw. J. 208.66488 
Cent. 


And if you multiply any of the Numbers in the 4th Column 
(according as the Eſtate is in Land or Houſes, as aboveſaid) by the 
Annuity you would know the preſent Worth of, the Product — 
the preſent Value of ſuch Annuity for any Years required under 62. 


To find the Preſent Worth of Eſtates for Lives. 


Prop. ED To find the Value of an Eſtate of J. 35 per Ann. in Land 
for a Life of 45 Years. By the little Table above, as compu- 
ted by the Learned Dr Halley, that Life is Years Purchaſe— 9.91 
Which being multiplied by the Annuity 35, the 35 
Product is J. 346 : 17 :'00= the Anſwer, 22 
Prop. 6.] It many times happens, that a Life Prod, /. 346.85 
and ſo many Years certain to come, are pro- BY 
poſed in the ſame Queſtion ; 'therefore it becomes neceſſary, as in 
Computations for two Lives alſo, 10 reduce the Years Purchaſe of any 
Life into Years certain to come, or Years in a Leaſe : which is done thus. 
I finda Life of 30 worth 9.21 Years Purchaſe. Now if you turn 
to any of the four Colymns in the Tables above, which ſhew the 
preſent Worth of Annuities according to the ſeveral Rates, you will 
find at 5 per Cent. the next to the ſaid 9.21 is 9.393573, againſt 
which in the Column under Years is 13 Years to come. At 6 per 
Cent. the next to 9.21 is 9.294984, againſt which under Years are 
14 Years. At 8 per Cent. are 9.1216381, againſt which under Years 
are 
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are 17 Years Leaſe. And at 10 per Cent. ſtands 297 923%, (asnexr 
to the ſaid 9.21) and againſt that are 27 Years 

Example. What is 

9 


| Years to 


after the Death of a 60 — 7-60 — or 3 or = 12 


Perſon 60 Yearsold? 7 ars, 
The Age being The au Worth ＋ 1 00 
found = 12 Years to. |. 1 per Ann.— 


come; therefore by for 12 = 7. 536078 
the Table of 8 per 

Cent. Column 4. the of I. 1 Reverfion = 4.1 1840 

Anſwer, as under 96 

Prop. 4. is found to | — — 2 
be as per Margin, - Anſw. = 39537504 


. 395. 37504 =.1, 


395 <7 | 
"Ho 7.] In Computations of the Value of Eſtates for two Lives ; as 
ſuppoſe 30 and 55. Firſt, find by the little Table of the Value of 
| Lives the Years Purchaſe that the elder Life is worth; then find 
in the fourth Column at 5 per Cent. (ſuppoling the Purchaſe to be 
a clear certain Income) the 8.51. found in the ſaid little Table, or the 
next to it, which'is'= 8, 3064142 3 right againft which, in the Co- 
lumn of Years, is 11 Years: to which add the Difference i in the 
Ages (5) and the Sum is 16 Years; againſt which, in the 4th Co- 
lumn from the Years, is 10.8377695, the Value of l. 1 per Ann. for 
the ſaid two Lives: which multiplied by the Annuity, gives the 
Anſwer or Value thereof for the faid two Lives, near enough the 
Truth. Farther Directions might be given on this head; but [ 
have not room to enlarge on things ſo uncertain, and which at beſt 
depend on many caſual Circumſtances, 
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ATABLE fhewing by Inſpection the Fines. payable 
for any Number of Tears lapſed or expired in 
or College Le 
Leaſe 21 Years. 


1 Yearlapſed 2 Years lapy. 
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| A Table of Church or College Leaſes, &c. 


© £2 891 


a Church 


e of their Lands, tu make up ſuch 
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Oos 


Us - MM 


buy 


101 


3 Years lapy. 4 Years lap. 


95 8101 
6 221143 3 31 
135 1 7 2119017 82 
168 17 O c[238 12 x1 


Fines 
Payable. 


— — 


_ 
a JJ ANNU o 


910 10 2 


14 6 40, 


19 1 9 1 
2317 22 
28 12 73 
33.6 2.4 
38 3 62 
42 18 11 3 
4714 51 


126 11 
189 16 Io 
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| 5 Years lap. 
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18 19 
25 6 
31 12 
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A Table of Church or College Leaſes, &c: 


: £333 C HAP. III. 


4 T ABLE eu = Inſpect ion the Fines pay- 
able for any Number of Years la pſed Pee 
aà Church or College Leaſe, GC. 


Ws 


7 Years lapſ. 


Fines 
Payable. 


J. 5. d. 7. 


© ON Abu» 


8 Years lap, 


Fines | 


g Years lap. 


. Payable, 


1131 2 
1145 13 


582 15 


Fines ' 


J. s. d. g. 


þÞ» wm aw © © 


N84 a + 0 - 
— — 

—— 

O © Ow = 


— 
O 
(0) 
— 
— 
[SD] 


11 13 11 


13 3 23 


1411 42 
29 2 90 
43 14 12 
58 4 60 
72 16 10 2 
87 8 30 
101 19 7 2 
116 11 00 
4 3 
9 © 
6 2 
— 


728 8 — 


291 7 
437 1 


O0 902288 


ro Nears lapſe. 


Fines 


7 d. g. 


103 10 10 2 
120 16 1 
138 1 20 


155 6 33 


172 11 52 
345 2111 
517 14 43 
21690 5101 
86217 .3 3 


141 15 100 
162 0111 
182 6 03 
202 IT 21 
405 2 42 
607 13 63 
810 4 90 
1012 15 11 1 
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Tiſpeflion te Fines payable 


H h 


, CC. 
13 Nears lapſed. , 4 Years lapſed. 
Fines Payable. | Fines Payable. 
J. 3. d. 2 . „. d. 4 
2 14 8 
161 4 
8 ; 0 n I 
10 18 8 I2 1 
„ 4 15 * 11 
8 0 18 17 11 
[: $ 22 0 11 
ji 4 Of. 1 25). 3 18 
© 28 6 11 
8 of 31 9 11 
54 13 4 62 19 10 
82 0 00 94 9 9 
109- 6 8 of 125 19 8 3 
130 13 4 of 157 9 8 
164 o © of 188 19 7 1 
191 6 8 of 220 -9 6 2 
218 13 4 0 251 19 5 3 
246 © 0 o 283 9 43 
273 6 8 of 314 19 41 
546 13 3 0 629 18 81 
819 19 10 2] 944 18 o 1 
1093 6 6 oſi259 17 42 
1366 13 1 111574 16 8 


22 lapſed Sen in 4 


2 8 0 000 „ 8 SG 0s 086 


15 Years 2 60 16 LZears lapſed. 
Fines Payable. | Fines Payable. 
Lang 4: ae 
3 12 3 14 4 2 7 
71 4 63 8 5 3 
10 16 10 I 12 7 11 
14 9: 2:30: 16: 169-9 
18 1 5 of 20 13 3 
21 13 8 2} 24 15 10 
25 5 11 3] 28 18 6 
28 18 O 3| 33 1 2 
32 10 4 1] 37 3 10 
36 2 10 of 41 6 5 
72 5 $8.0; 82 12 11 
108 8 6 1] 123 19 5 
144 11 4 i] 165 5 11 
180 14 2 1 206 12 5 
216 17 O 1| 247 18 11 
252 19 10 1 289 5 5 
289 0 8 2] 330 11 11 
325 3 6 2] 371 18 5 
361 8 4 2] 413 4 10 
722 16 9 1] 826 9 10 
1084 5 1 311239 14 8 
1445 13 6 211652 19 7 
1807 1 11 ofſ2.066 4 6 
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A TABLE ſhewing 


for any 


A Table 'of Chitrch on cage Leafer, bt. 


' 


Number 0 


22 lapſed or expired n 


Ci 


Tuſpefion the ines pad 


Church or College Leaſe, &c. 
© 20 PE ROW | 
Annas [17 Years lapſed.118 Years lapſed. i g Years lapſed.[20 Years lapſed. 21 Year: ly 

Rent of . 

Lands. | Fines Payable .| Fines Payable. Fines Payable. | Fines Payable. | Fines Pq 
eld gd ts 
x 414 4STxs 7 18} 6 2:6 
2 9 5:5 10 14 2 3] 12 3 ©. 
$ 1. 14 2: 2 a6 x: 427 18 £4 6 
4] 18 16 10 1] 21 8 5 2} 24 6 o 
5 | 23 12 O 3] 26 15 7 Ol 30 7 6 
61] 28: 5 3 2] 32 2 8-2]. 36 9 x 
7 $9: age CAE IE" 9 42 10 7 
8 | 37 13 8 2] 42 16 11 1] 48 12 1 
9 | 42 7 11 of 48 4 02 54 13 7 
WH 47- 2 5 18$ 22 2 0 60 15 1 
20 94 4 3 / 10% 2 4 0 121 10 3 
30 141 6 5 © 160 13 6 of 182 55 5 

40 | 188 8 6 3j214 4 8 1] 243 o. 6 
50 235 ro 8 1| 267 15 10 1| 303 15 8 
60 | 282 12 10 of 321 7 © 1| 364 10 10 
70 | 329 14 11 2] 374 18 2 1] 425 5 11 2 
80 | 376 17 1 1/428 9 41 486 1 1 
go | 423 19 3 o| 482 o 6 1| 546 16 3 

100 | 473 r 4 2] 535 11 8 2] 607 11 4 

200 | 942 2 9 11073 3 5 Ofi215 2 9 

300 [1413 4 1 3|1606 15 1 111822 14 1 3 

400 [1884 5 6 212142 6 Wo 5 6 212749 17 10 113110 O 

500 [2355 & 11 ol2677 18 6 1037 16 11 03437 7 3 33887 10 | 
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Example t.] What Fine is to be paid, to make up a Leaſe 21 
Years, when 9 Years of 21 are lapſed (or let ſlip) ſuppoſing the 
Rent J. 147 per Annnm ? 
per Ann, Fine. 
In the Table under 9 Years lapſed againſt J. 100 is I. 145 : 13: 9g 
againſt 4o0'—— 58: 5: 6 
7 — 10: 3: 113 


There are two Books that Sums, Rent 147 Fine 214: 3: 24 
afford us a Table of this 
kind: The firſt was written by the Reverend Job Newton, D. D. 
one of the King's Chaplains, Anno 1668. which contains only Fines, 
or Value of 1 J. per Ann. Rent, all in Decimals.. The other is ſaid to 
be approved of by a very great Author, (who perhaps never law it) 
which is very tedious in its Uſe; as I ſhall ſhew by the Example 
above, which is performed by my Table: To find the Fine payable 
to make up 9 Years lapſed 21 Years; Rent 147 J. per Ann. his An- 

Year, Qr. Men. Tenths. 

ſwer is 1: 1: 2: 5 Purchaſe, taken out of one Table; which he 


=> 


By 
$> 


— „ © 5 


values by another thus : F be 

per Ann. LC: 5& +33 nt 

| J. 147 for 1 Year = 147: 00: 00 US 
1 25:00 :00| 

2 Months = 16:13: 4 Sum. 


5 Tenths of a Mon. 4: 3: 4 
J. 40 for 1 Quarter — — 10:00:00 Þ 147. I. 21427:6 
2 Months — — 6:13: 4] But ' tis plain the Uſe 
5 Tenths of a Mon. 1: 13: 4| of my Table 2 
1.7 for 1 Quarter — — 1:15 :00| is much more brief, 
2 Months — — 1: 3: 4 and will be allowed 
5 Tenths of a Mon. oo: 5 : 10 more accurate. 


Example 2.) To make up a Leaſe of 14 Years any Number of 
Years, leſs than 21: As ſuppoſe I would add 5 Years to 14 in a 
Leaſe of J. 40 per Ann. take 5 from 7 there reſts 2; then take the 
Fine payable for 2 Years lapſed = 1.8 : 10: 1 : 1 from the Annual 
Rent, (here 40) and the Remainer is J. 31 : 9: 10: 3 the Sum 
to be paid to add 5 Years. 

H h 2 Example. 


— — 


[ 
( 
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236 To Extract the Square and Cube Roots. [Can „ 


the right hand, as you intend to have Decimal Places in the Root: 


Example 3.] To find the Value of a Church or College full Leaſe 
of Lands of 21 Years : as ſuppoſe J. go per Ann. The laſt Column 
in the Table againſt /, 80 gives you J. 622: O0: 1: 1, the Anſwer. 

I need not tell the Reader, That in caſe of Improvement-by the 
Seller, he may advance the Rent to the Buyers in proportion. 


Sect, IX. To Extract the Square and Cube Roots of Decimal 


and Mixt Numbers. 
1. For the Square Root. What is the Square Root of ,000976541 ? 
To what is ſlid under the > ore k 
Extraction of the Square .0009765410 (.03124 = Root. 
Root for Intire Numbers, it «4 4th C 
is only neceſſary to add for 6) 76 
Decimals, that you begin 62) 1334 
to point over Seconds place 624) 31010 
of the Decimal given, and 6034 reſts. 


ſo proceed over every other 
towards the right hand: and if the Decimal Places given are not 
an even Number, you muſt make them fo, by adding a Cypher 
towards the right hand. je Sy | 

2. That for every Decimal Place you would have in the Root, 
you. muſt (by adding Cyphers towards the right hand, if need be) 
make twice ſo many Decimal Places in that given to have its Root 
extracted, | 

There are ſeveral Ways of extracting the Roots, but. I chuſe 
that natural one, according to the Algebraic Canon, as in whole 
Numbers foregoing. "pr 3 5 | | 


5 Secondly, For the Cube Root. 


Example r.] Of a Mixt Number. What is the Cube Root of 
32.934168093464? Anſwer 3.2054. | 

In theſe Cafes you muſt point over the Thirds place of the De- 
cimal; Sc. over every Third toward the right hand adding Cyphers, 
if the Point fall not over the place next the right hand. 

Example 2.) What is the Cube Root of 91? See the Work. 
In Examples of this kind, where the whole Number is not a 
compleat Cube, you muſt add ſo many times 3 Cyphers towards 


as 


Ster. IL. To Extratt the Squire and Cube 


as here are 6 Cyphers for the 2 Decimal 


Places in the Root. And if you deſire 
more; it is but putting 3 Cyphers towards 


the right hand of the Remainer 481151, 
and proceed to make that Root as exact as 
you pleaſe. 6 v 

3. If you have the Square or Cube Roots 
of a Vulgar Fraction to extract, you may 
reduce id to a Decimal, and then proceed 
as in the Example above. 

4 And if che Decimals have Cyphers 
before next the Point, keep to the Rule 
under the laſt Example of the Cube Root 


above for the Points over: as . 01467, 
point thus. 14672 . 0014672, point thus, 
001467200; and . 0014672 point thus, 


.000146720, Cc. and extract as in Whole 
Numbers: For in this Caſe of the Cube 
of Decimals, their Places muſt always be, 
or be made, 3, 6, or 9, Fc. by putting Cy- 
phers toward the right hand of the Deci- 
mal whoſe Root is required. 


Having already ſhewn how to extract 
the Square, Cube, Sc. Roots of Intire 
Numbers, and Fractions Vulgar and De- 
cimal, I ſhall in the Uſe of rithms 
ive a much more eaſy and ſhort Way of 
traction, and alſo ſhew the Uſe of Lo- 
garithms in reſolving Queſtions of Intereſt : 
on both which accounts, arithms (a- 
mong many other of their Uſes) are ex- 
tremely to be valued. 


Roots, 237 
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Here ends DECIMAL ARITHMETIC. © 
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CHAP If. 
DUODECIMAL ARITHMETIC. 


UMERATION, I have ſhew'd EY Dubditimals, | 
in _ Aga of Numbers, Chap. I. what theſe Fra- 


7 ein an 


J. 


Ctions are; Be I : 1: 1. This is read 1 Fdot, 1 Prime 


(or 12th of a Foot) 1 Second (or ath of a Prime) 1 Third (or 12h 
of a Second) 1 Fourth (or 12 of a Third) c. which is ſufficient to 
know how to read or write Duodecimals. I ſhall proceed to 

II. Addition. ] This is no more of Feet, P „ iu wu * 


it clear. | 

III. Subſtraction of Duodecimals.] A Sum 0: 4 
Joiner having lined ſeveral Rooms / | 
with Cedar, as above ; finds the De- 89 2 8: 7 6:5 
ductions for the Apertures, as Chim- 9: ei 
nies, Windows, — Arches, 
Viſtoes, &c. to be — :. — — — 
oo many Feet muſt he be paid 

l the (+ ns the 

ter, adding 12 where the upper „. 

— little, ugh, in that to coe kel 881: 2: 81611 
the Remainer is the Anſwer — — 

IV. Multiplication.) This is the principal Rule to be inſiſted on in 
this kind of Arithmetic, as being much the — in uſe, and con- 


ſequently the moſt to be obſerved. 
Example 


conſequence to what is above, but 321 11:10 19:87 
to divide the Sum of each Series by 210:10: 9:8:7:6 
x2, putting down the Remainer, and 8 9: 3.27526 ·˙ 56 
carrying the Quotes to the next. 2:6 5324 
But that next the left hand is done 87 7 6:25 24:3 
as all other things that have but one 76: 6: 5:4:3:2 
Denomination. The Example makes 65 52 4587200, 
$72.4 


* 


; Oh 86-19; Dube / Avithnetic: 


ee: dre F. 10 by Feet. 
278% Peet, See the Work in the 9210 
: Where 1 ſay 8 times 10 8: 8 
Primes is 80 or 6/ to carry, and 8“ m6: 6:8 
to hope down; then 8 times 9 is 72, 78: 8 
is 78 Primes, © which divided © .—., — — 


mentally by 12 is 6 F. 6“ which 1 Wan 
put down as you fee: Then I mul. Foot 83: 2: 8 =Anſw. 
tiply 9: 100 the 8 F, ſaying 8 
times 10 is 80 Primes, which is 8 / and 6 Foot to carry; then 8 
times 9 is 72, and 6 carried is 78 :- the Sum of which 2 Lines or 
Products is 85: 2' : 8// = the Anſwer. 

By which Example you may perceive the Neceſfity of having in 
your _ the Product of any 2 Numbers under 13, or not exceed- 
ing 12, by 12, as in the Multiplication Table. 


Examp 2.] Multiply 16: 10: 6 by 9: 3. See the Operation. 
Here tis plain I Aa iſt, the Se- * 1 0 "WE 
conds, 5 the Primes, and chen the * 16: 10: 6 

ers by the 3, carrying the Quote : 0 
— Product divided by 12 2 to- 77 — 7:6 | 
wardsthe left hand ; placing the Remain- 151:10:6 

er in each Diviſion under the Degrees of 
the Factors, as the Example indicateth. Prod. 156: 1:1:6 
Example 3.) Multiply | ! "bm 
372: 11/2 4ff by 23: | 372] 11 * 
380. 1 have inferced 251] 6| 3 
the whole Work. As,!l„„ũ.ñ 

ETD nn e417 
1 4 Prod | 2831 4 
carry 1; 111 by 3 is 33, — 3 : 
and 1 is 34, I put down © ou [2520113030 
10 and carry 2: then Quote —— 94 72 
I — 372 by — Cs Sum|——2614 728 
3, adding the 2 ma " 2 *F 
1118/%, if which I Prod. 352 72 — EY | 
down as you ſee, T 2 Add 1 
EN 


by 60, — it produceth 
223 77: 8!! : ofll, as you And this I take to be the moſt eaſy and natural Way 
ſee. of working, when the Integers are large Numbers. 


20, 


— 


240 Daaateimal Arithmetit. CHAN. IV. 
* 3dh, I multiply 372: 11 : 4 by 25: as 4 times 25 is 100, or 
81:4; put 4 down, and carry 8; 11 times 5 is 55, and 8 is 630, 
put 3 down, and carry 6; 11 times 2 is 22, and 6 is 28, or 28g: 
— — f 1 5 b a 2 


: 499, I ſum up thoſe 3 Lines makes 2820: 130% : 101), - + _. 
-..5tbly, I divide the 1130 Seconds mentally, by 12, produceth 94, 
which makes 2614/: 277. 
bib, I divide, as before, 2614/ by 12, produceth 217 Integers, 
and 10! remains. | ry K 909 jd er b yi; 
7thly, I multiply the 372 by the 25 at once, as taught in Deci- 
mals, and the Product is 9300: So the Sum or Anſwer is 9317 In- 
tegers 101: 211 : 00! : oH. „n ad .: 13 i 270 
2 —— oy Yo ds * =T * * lerer 922 1 7 « (1 
Mutes to be obſerved as appears by the aboveſaid Examples. 
If you multiply ads by 24s, the Product is 4ths ; Primes by 2ds 
_ gives 3ds, Primes by Primes gives Seconds,. and Integers by 
rimes gives Primes, and by 2ds gives zds, Sc. And b 
it is rope to place them Degrees towards the right hand, that fo 
the Degrees of each part of the Operation may fall under the like 
| in the 1 — e 
| So alſo 2 Places given in order, as Integers and Primes, to be 
b multiplied by 2 Places or Denominations, produce 3 Places; 3 Places 
ö by 2 produce 4 Places; and 3 Places by 3 produce 5 Denomi- 
| | nations, or Degrees, in the Product; i.e. f lefs than the Sum of 
5 the nents or Places, or Names in both the Factors given. 
1 my Duo- U ; 6. LS 
decimals.] Divide 186 F. F. EE --- "or 
12777 8% 9 ph. 9 (136: 1:1:6:9 (17: 4:1: 6 :1=Quote. 
See the Operation: —— N 
Where the reſt is al- 66 
ways reduced into the 


—— — — —— — ons no — — — 


„ „n wit ä 


next Denomination or 37 
Degree, and the re- n 
ſpective Figures ofeach 13 
egree added. 7 


. 


There is rarely occaſion tis to be ſuppoſed) to divide by a 
Number of more than 1 Degree or Name: yet in caſe * oo 
ſhould, 


* 


ä v \ 
Py . 


a * * 
— * if 
10 EI 
2 ” 


Ge te. "Dinah eee 1 
ſhould, img bi — TT 
. in che where e- eee 
85 :21:8½%½ is ivided by 
8 :8/, Where I fay, tljleĩ„ñ—u„lꝙ 
Eights in 65 are 9 times, 739 
which put in the Quote, 86:8 
and fay 9 times 8/ is 72, - 86 8 
(which is 6. to carry, | 
bar down 09:9 times'8 In | T0 4 /oreſts; / a > 
foges ls 765 and 6-67, 
ch put down, and deducted. eaten a 21 or 86 to 
"> don the $7/,” and ſay 8 in 86 is 10 times; 3 
is 80, or : 8, put the 8 down, and carry the 6, ſaying 10 times 
8 is 80, and & is' 86, which deducted, o remains: which proves 


* 
: 


- 


the Truch of tho firt Example in Multiplication. 16M * 
And by the ſame Rules 20 08 20) 
2 — ear Haft 1 1 itt e 
gin, molly, 9 3) 186 11:6 (16: 10:6 
rmed vole ny be 148:0 S Quote. 
obſerved, that in this Di- —— | 
rſion more than one Place = 77 HF 
ty £5 and often 721 
muſt, be put in the © Quote 92:6 * : 
3 a Vw 12 — " _— — i Nr 
| 4:7 " 
55:6 1 
5526 
— —ͤ — 5 
; En o reſts. 4 
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| -C HA P. V. ab N 0 
SEXAGESIMAL ARITHMETIC. 
HESE Fractions, or Goth Parts, are by ſome called A- 
| ſtronomicals, becauſe uſed in the M ion of Time 
| and Motion in Aſtronomy: as 1b: 2! ; 24 : xl; 1½½ 
that is, 1 Hour, 1 Minute (or 60 part of an Hour) 1 Second (or 
Goth part of a Minute) 1 Third (or 6oth part of a Second) 1 
Fourth (or Goth of a Third) Sc. of Time. And in Motion or 
Meaſure in the Heavens, Earth, or Sea, 1* : 11:1“ /i n Degree 
(or 60, but according to ſome *tis 69 Engl Miles upon the Ter- 
raqueous Globe) r! is 1 Minute (or 60th part of a Degree) 1 is 
I Second (or 6oth of a Minute) 10/0 is the Goth of a Second, Sc. 
See Sexagefimal Numbers, at the beginning of Chap. I. bi 
Addition is only to ſum — | x 


up each Column, and di- non now 
vide them by 60, carry- | 57: 29: 52] agoronns. 
ing the Qt, Sc. And 6 12: 70] Multiply. 
Sulftration is ſo eaſy, that + ——= —— 
neither of them need an 570 : 290: 520 
Example. But 684: 348 : 624 

: # Multiplication 2422 174 ©. 212 * 

I think the beſt way is to — 

work as per Margin; as 342: 858 : 1230: 914 : 520 
being a methodical and | 14: 20: 15: 8 


ealy Way, which does 5 — ö 
not charge the Memory: Anſwer =356: 38: 45: 22: 40 
and I am ſure *tis more N | 8 
brief than any Way J have ſeen. The Rule is plain; for having 
multiplied the Denominations one in another, and placed the whole 
Products as you ſee, Iadd them; and find the Sum as under the 
ſecond black Line. | 
Then L begin at the jo hand to divide by 60, and find 520!!!! 
to be 8 //: zol!!!, placed as you fee; and ſo I proceed with the 
reſt, not making a Digic more than what is down. 

vs, * Example 


Shane eee Arithmetic: 44; 
werte fe 52% : 25% by 32: 35“: 24/! : 42½, See 
che Operation juſt in the ſame Method with the laſt 3 above · 


, 


24 | 49 | a Oper 
deutiph. } 75 33] 52 27 
— K 
Multiplication of | | . 3150;1380/2184/11134 
nnn | 1800] 792 2480 648 
| cke ede 86. 945] || 
© aoghroght66g) 864) | | 
Sums Totals 2400}368 819662635 57928321134], ,.,.. 
Quotes =62] 78] 711 * 47] 18 1 
Product = 2452] 39] 50] 26 26] 30 54 Anſwer. 


Here! it may be noted, that I multiply 27, Gall, Sc. by 4% 
without making 2 Lines (as is taught in Multiplication of Decimals). 
1 I begin at 11 2 to divide the Lane of Totals by 60, 
* except Units 9 2 ) ſo the Quote is 18, and Remainer 
then I divide n by and 47 is the Quotient, and 30 the 


IN 
4 ive the Render the Prof ofthis Diviſion, for a Conclu- 
Viz. 


a , „ mW un mn mn 


2; ) 2462 : 39 0: 26: 26: 30: 2:2 
; * N 2444 :15: 881 : 20 == the 4 — 


— * — 


— 


18: 23 57 56 the Difference between the 4 firlt places in the 
{two laſt Lines. 


1103: 577 156: 26 ditto with the Int reduc'd to Primes, 5c, 
107512 35 6 the Diviſor malriphed 


28:29:21: —B̃ — 
1709 : 21 : 20: 30 ditto with the 28 / reduced · to /, Sa 


1694 : 41: — 24 the Niviſor mukip. in 5“ in the Quots- 


| :39 : 56: 6 the Difference between the two laſt. 


in 33". 


„* * „ "I "OY * * 


»„— 


979: 56: 6: 54 ditto with the 147 reduced to /. 
$79: 56: 6: 54 the Beier auh. in 37 in Quote, 


— E ey Oe "I * Ml. = — _— — 0 I SO” I IS 


— — 


' © Remains. 
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POLI TICAL ARITHM E TIC : 


HIS. Specie, of Arithmetic has nothing new in it, as to 
the Nature of the Numbers themſelves, nor as to the 
| Manner of Operation; but only in the Application or 
Subject about which the Numbers are employ'd, which is Political 
(or relating to Polity or Government): As to diſcover the Riches 
and Strength of a Nation, by eſtimating its Income m Land! 
Frade, Commerce, Art and Labour, Exports, Imports, its Num- 
der of People, - Males, Females, Fighting-Men, &t. oo 
And there have been ſeveral Pieces written on this Subject, as 
Mr Grant's Obſervations on the Bills of Mortality of London in 1676, 
done at the requeſt of the Royal Society; Sir William 'Petty's Poli- 
tical Arithmetic in 1687, and his Book of the Uſe of Duplicate 
Proportion ; the Learned Dr Halley's Obſervations on the Bills of 
Mortality of Breſſaw in 1692, whereby he computes the Value of 
Annuities. for Lives at different Ages thereof, Ic. as mentioned æ 
little farther ; and Dr Davenant and Gregory King Eſq; on Revenues. 
and * — Fc. I ſhall give ſome Examples of this Way of Com- 
Putting: 8 9 7 2 39 | 4a 6h e 
Prop. 1. To find the Number of People in England, and how 
many are Males, Females, and Fighting Men. ä 
_ Firſt, L find the Number of Houſes within the Weekly Bills. of 
London, by conſidering the Number of thoſe Families vho pay to 
the Poor in each Parifh, and of the Poor themſelves; or by the 
Poll-Books, King's-Tax- Books, &c. Which ſuppoſe I find 108000 
(as they are thereabout) theſe at. 5 in each F — 52 , one with another, 
makes 540000 People in the ſaid Compaſs. Now admit that by a 
Poll-Tax, c. it has been found that the Heads in London are to 
thoſe in all the reſt of England as 1 to- ꝙ there muſt at this rate be 
486000 Souls in England. And it having been found by . 


9 - - A * 
* | 4 oo - #4 * 


— oc - 
= N 3 
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Years Obſcrvatioii upon the Weekly Bills, that there are 14 Males 
to 13 Females; ſo that of the ſaid 4860000 Perſons, ce muff he 
& 2520000 Males, and 2340000 Females: for - 

"2.7 24* 4860000.” 25 20000. Or ay. 3 e 
And hence to find the Fighting Men, it has been computed, That 
37-4 of 100 Souls are above 16, and under 60 therefore = 
100. 37,4: 2620000. 942480 = the Fighting- Men. 3 

Prop. 2. To find the Number of People by che Coals imported: 
I find, ſuppoſe, by the Coal-Meeters Books 404200 Chaldron im- 

rted in one Tear, comm. Ann; It may eaſily, by conſidering the 
Medium of the ſeveral | Clafies of Eto homers be found that each 
Houſe, one with another, burneth about 34 Chaldron per Ann. So 
that by Diviſion I find 107786 Houſes, which is but 214 ſhort of 
the Number of Houſes in the Weekly Bills, found as in the laſt 


Prop. 3- 'Tot find the Number of Hauſes within the Bills, by the 
Yards Square. of the Ground. I find (ſuppoſe, as per Mr Grant) 
54 Houſes in every hundred Yards Square, and 2000 ſuch Squares 
built upon within the Bills of Mortality; which multiplied toge- 
ther gives 108000 Houſes, as per the firſt Method. 

From theſe and luck. Ike Reafonin by Political Arithmetic, the 
Vitality per Cent. of ſeveral. Ages of is found: 
As chat 64 of 100 born are alive at. 6 Teng ei 
40 of 190. — at-16 
69 25 af. 100, ——— 9 26 TY 
16 of 100 ——— —— at 36 
— 10 of 100 —— — at 46 
6 of 100 ——— — at 35 
9 . 2 3 of 100 —— — at bo __ ;. a 1 dar 
1 | 1 of 100, ——— at 36 41 
eee e > oe Trade | com 
Land 1 4000000 
A Art and Labour 20000000 
ee wh Annual . 
The Income of France l. 8 00 -- - 
— — Of Holland L 18000000 

Alſo that. the of England in — 
about 7. oe oper TY — 

kde Curt Coin of England i abour e 
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— A 
. 


a 2 4 | 
* 


Mm 


RN Political Arithmerie: Cnr. VI. 


The for the aboveſaid Number of at 8 1, 
Head per Ann. is J. 38, 8 80000 per Ann. So thr Engnd crate 
in Riches at that rate, l. 4120000 per Ann. VJ 

The Number. of Acres of the Land of England has been che 


FCC as follows: 


. Acres. | N® of Acres. 
Of Arable Land —— 9,000000 In the laſt Column — 28, 000000 
Paſture and Meadow 12,000000 Heaths and Barren } | 
Wood and Coppice — 3,000000, Lands o, ooo 


Forreſts, Parks, and 30 . Rivers, Lakes and Prog 


Commons —— | 
Houſes, ' Orchards, Roads and Waſte-Land 500000 


| and Church-yards — 8 * 4 * — 
um cres | 

So that by the above ſaid Eſti- England —— neee 

mate there is 82%; Acres for Inn Scotland 24, 00000 


each Head in England, and about TFT erland 29, oooooo 
fr: 8: 10 each in Om. I | d 


Ne Acre. Acres in Great Bri- 1. f 
There is compu- J 1, tai and Ireland | 95990000 
ted to be in Frante 74000000 1 ſaſt Column — 652,000000 
The 17 Provinces — 13,600000 Mu, Empire — 744,000000 
Spain and Portugal — 78,000000 China and ' Tonquin 702,000000 


Jialy, Venice, and 5 — © | Tartary 2730,000000 
Iſles — 66,000000 G - 117,000000 
Germany 120,000000 Madagaſcar 78,000000 
Sweden, Norway, Sumatra, and Iſles 7 g, 


and Denmark — 186, oοjẽ,j thereabout — $0,000000 
Poland about —— '116, 000000” Japan I17,000000 
eh Er 468,000000 All Africa —— , 4680,000000 


— 192,000000 _—_ m=——— 27 -10,000000 


—— 23 4,000000 
* — 885, oo 
Perſia — 500, 0g i 


5 So chat the Acres om the whole 1 Earth are com- 


Area of the Earth and Sea, as the Superſicies 127675 90000 
bl 


ENCODING 


Sg 
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So that the Arex of the Sex in Acres n 112126000000 
+ And the People of the whole World are com- '"}06;c66068 


6— 


But the People in the World, in proportion as the Acres of 
England is to the People of England, would be 1937,600000. For 


39, 000000. 4,360000 : : 15549,000000. 1937, 6000 


This Difference above 300,000000 (which is about +} of the whole 
2937, Sc.) is cauſed by the vaſt Quantities of Barren Ground, as & 
of Africa, + America, + Tartary, + Ruſſia, 4 Arabia, &c. which are 
probably deſert and f 
The very Ingenious and Accurate Dr Halley, in his ſaid j 
Remarks upon the Bre/law Bills of Mortality, (wherein both the 
Ages and Sexes of all that died were monthly delivered-and com- 
with che Number of Births, for the Years 1687, 1688, 1689, 
1690,. and 1691) hath age 7 a Table, (publiſhed in the Philo- 
ſopbical Tranſactions in 1692, and in Miſcellanea Curioſa, Vol. I.) and 
hath ſhew'd theſe Uſes fi as, 1/, In finding the Proportion 
of Men able to bear Arms in any Multitude, from 18 to 56 Years 
of Age. adh, The different Degrees of Vitality in all Ages; as at 
what Number of Years it is an even Lay, that a Perſon o any Age 
ſhall die: for inſtance, that a Man of 30 Years of Age liveth be- 
tween 27 and 28 Years; That *tis 80 to 1, that a Perſon of 25 
Years does not die in a Year; That tis 51 to 1, that one of 40 
lives 7 Years. 3dly, He computes the Value of Annuities for Lives, 
(as in the curious little Table after the Tables of Compound Intereſt 
foregoing) and the Price of Inſurances ; and that one half of thoſe 
who are born, do not live above 17 Years, Sc. 
Mr Grant (beſides what he computeth, as above, of the Vitality 
222 ſaith, That the People of Landi are about one at 
People of England. And 
a Pim Pt Petty faith, That there are more People living be- 
the Ages of uf and #6 then an other Ages ; and thence in- 
fers, 5. That the Square Root of every Perſon's under 16 (whoſe 
Square Root is 4) ſheweth the Proportion of bility of ſuch 
Perſon's living to 70 Years: i. e. It is 4 times more likely that one 
2 Years of Age lives to be 70, than a Child of 1 Tear; Ti 
a probable that one of 9 Years lives to 70, than that a new- 
— 3 That the odds is 5 to 4, that one of 25 dieth 
before 1 of 16 Years old; That 'tis 6 to 5, that one of 36 dieth 


* 1 of 25 Years; Theſe Proportions being the Roo of g. 
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16, and 36 = the Ages, as is above ſaid. He alſo ſays, That the 
Skippiog of 21 eis about 2000000 Tons, of which OT 


500000, the Duich gooooo, the French eee, Pr 


250000, Se WICH nt blu u S509 u id 
E beſides what is ſaid nating Number of Acres of each 


kind of Land in N Meſſieurs King and Davenant ſay farther, 
That the Increaſe le of England is ooo per Arnum, Al- 
lowances being made for War, Plague, Shipping, and the Planta- 
tions. They reckon the Souls of London g; 30000, in the Cities and 
Market- Towns in England 870000, the Villages and Hamlets 
4100000. The Annual Produce by Cattel in Butter, Cheeſe, and 
Milk, about J. 2500000; the Value of the Wool yearly ſhorn, about 
1. 2000000: of Horſes bred 22 J. 250000; Value of Fleſh yearly 
== as Food 1.3350000 ; of the Tallow and Hides about /,600000; 
ay yearly camara * A 8 . ee 7 weben Foy 
. 1600, Ee 
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N this kind of Atithrnetic his Work of Myſtiplication, Divi- 
ſion, and Extraction of Roots, are perforined not by the Num- 
bers themſelves, but by Artificial Numbers adapted to thoſe 

given; ſo that their Addition performs Multiplication; Subſtraction 
che buſineſs of Diviſion; and Dividing by 2, 3, 4, Ge. E 
theſe Artificial Numbers, gives the Square, Cube, Mquagrate, fc 
Roots of the reſpective Natural Number. : 
2. There are to every Natural or Common Number, an Arti- 
Seil one proportioned ; which being formed into a Table, where 
each Natural Number has its own Artificial ſtanding right againſt 
it, *tis called a Table of Artificial Numbers or Logarithms. 
3. Of theſe Tables ſome have the Logarithms of all Natural 
Numbers from 1 to 1000, ſome to 10000, and ſome to 5 
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And again, (theſe Logarichms conſiſt of Places from 3j tb 14 but 
done and che ſame Table has always but one Number of Places: and 
the mot extenſive any Table is, the more it is univerſally uſeful: 
and therefore I ſhall by and by give Rules for enlarging a Table. 

4. There may be ſeveral kinds of Logarithms contrived ; for any 
Series of Numbers in Arithmetical Progreſſion are the Logarithms 
of thoſe right againſt them in Geometrical Proportion: As * 


Natural Namborn 


1 2,4, b. 16, 32, 64, 128, 256, 512, 104 J in Geam. Progr: 
| a The; ich. 
o, 1, 2, 3, 4, 5» „ Foes 9, 10. in Arik. Rog 


And the aforeſaid Uſes of Logarithms will appear even in this ſmall 
Example of a Table: As, | | A e 
1. in Multiplication. As 32 by 16, Againſt theſe in the upper 
Series, you have 5 and 4 in the lower (or that of Logarithms); 
therefore add 5 to 4 maketh 9, which ſee in the Logarithms, and 
over it is 512 = the Product of 32 by 16, done by only adding 
theit reſpective Logarithms 5 and 4. So 32 by 32 is 1024.3 8 by 
$6 =aak, OS; %o 5 5 * A | 
2. In Diviſion. To divide 1024 by 64: Under 1024 ſtands the 
Logarithm 10; and under 64 ſtands the Log. = 6, therefore take 
6 from-10, and the Remainer is the 5 4, over which ſtands 
the Quotient 16. And fo 512 divided by 16, quotes 32, and 
proves the firſt Example in Multiplication, c. 

3. In the Extraction of the Square Root. Admit you would have 
the Square Root of 1024: Under that you have the Logar. 10. the 
half of which is 5, over which Log. is 32 = the Square Root of 
—_— by only taking half its Logarithm ; ſo the Root of 256 is 
16, Cc. | 

4. In Extrafting the Cube Root: If you would have the Cube 
Root of 512, under that is the Log. 9.% 3d of which is 3; over 
which Og: ſtands the Anſwer 8 = the Cube-Root ſought, &c. 

5. By this very ſmall Specimen it may be obferved how neceſſary 
(becauſe exceeding uſeful) a Table of Artificial Numbers muſt needs 
be, when they are made ſuch a univerſal Series, as to be fitted for 
all Numbers from 1 to 100000 ; and-this was the happy Contrivance 
or Thought of the Famous Lord Neper, a Scotch Baron, Anno 1614. 
whoſe Memory will always be precious, eſpecially to all Trigono- 
-metrical Calculators. But the * Table, as aboveſaid, was _ 
MES | y 
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by that Learned Mathematician of our on Country, Mr Henry - 
Briggs, ſometime Sauilian Profeſſor of Geometry in the Univerſity 
of Otſard, for Natural Numbers to 100000, and the Log. to 14 
places ; which new Invention was extremely approved of and pro- 
moted by Kepler, and other Foreigneeees . 
6. "Theſe Logarichms being a Series of Numbers in Arithmetical 
Proportion to anſwer 1, 2; 3, 4, Sc. to 10 or 100 Thouſand, mult, 
needs be Decimals, except the Index or firſt Figure towards the 
left hand, ſeparated from the Logarithm by a Point: for theſe ſhew 
how many Places the Natural Number conſiſts of, if it be not a 
Decimal ; but 


1 — — 
_— is | The Index of the Log. of In Decimals the 
marked with a all Intire Numbers. laue 
Note of Nega- 11 | . : ds Tab oz 
non, as —, put] 04 vo £* Winch 1 
commonly un- 0 10 excl. is % 1 2, .3, 4, 1 
der the ex 10, to 100 — is 01, .02,,03, Cc. 2 
er Characteriſ. 100, to 1000 . . is 20 001, . 002, c. 4 
* : om adn 1000, to 10000 is 3 '.0001, 0002, fe. 4 

_y — Of 10000, to 100000 = 4 | .00001, C. — 5 
Logaritt! 1 | 21 599 5 | S 
Decimals,does | W. i os... nig 
thew how ma-. lr PEO CE — 
ny Places from 


the Point the firſt ſignificant Figure ſtands. 2 e 
And ' tis plain, that the Indexes of Logarithms of intire Num- 
bers are always 1. leſs in Value, than the Number of Places in thoſe 
of whole Numbers. | N ei | 
- Note, That for taking the Logarithm out of my Table, &c. you 
may ſee $22. 2, and 4. of this Chapter. | 

7. Indefatigable-muſt the Trouble and: Pains be ſuppoſed, which 
Mr Briggs had in his firſt Table; as muſt be granted, when the 
Method is underſtood of making but one commonly uſed, conſiſt: 
of half the Number of Places. Which is this: They firſt found ſo 
many Mean Proportionals between 10 and 1, by the continual 
adding Cyphers, about 28, and half ſo many afterwards towards the 
right hand of the 10, and then extracting the Roots, till at laſt the 
Root was ſo ſmall, as to have as many Cyphers next the Point in 
the Decimal, as they intended the Log. ſhould: conſiſt of Places; 
which could 222 under 27 very long Extractions: 9 

| v 
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veral Means they put down in order, from the extreme 10 down» 


Au, They found Logarithms to theſe Extreme and Means, by 
putting down againſt che Extreme 10.000, Cc. the Log. 1.000, &c, 
(as is beforeſaid) and proceeding to take half that Log. continually. 
half of that half, &c. and placing chem orderly againſt their reſpe- 
five Mean Proportionals found as before. 
34h, Then when they had a mind to make the Log. of any 
N 2. they, by extracting the Square Root, found ſo many con- 
tinual Means between the Number given and 1, that the laſt Mean 
was the leaſt Root that had ſo many Cyphers next the Point, as the 
Logarithm was to have Places. 
Aby, Then to find rithms to theſe Means; the Proportion 1s 
As the ſignificant Figures of the Mean Proportional found 
between 10 and 1 (of the like place with the laſt continual - 
Mlean in theſe you are upon) 
Is to its reſpective Logarithm (omitting the Cyphers) 
Saoͤs js the laſt Mean in the Series you are now a working, 
I Toits Logarithm. - . 1 
Stbiy, This Logarithm of the laſt continual Mean between the 
Number you-are inveſtigating the Log. of, and 1, being found, is 
to be doubled, and that, Ic. roducts doubled continually ; putting 
the ſeveral Products againſt the reſpective Means laſt found, till at 
laſt the Product falling againſt the Number whoſe Log. is ſought, 
gives you that Logarithm, by which ſeveral others are eaſily found: 
or the 10g. of 4 multiplied by 2, gives the Log of 16; 1 Log. of 
4 is that of 2: ſo have you the Logarithms of all the Powers of 2 ; 
and the Log. of 10 (or 1.0) leſs the Log. of 2. leaveth the Log. of 
5. So you have the Log. of all the Powers of 5, and Produk by 


Cd 


2 and 5. | 
I did intend to have inferted here the Whole of finding the Log. 
of any Number between 1 and 10; but there being lately ſo many 
briefer Ways of finding the Logarithms, publiſhed by Mr Mercator, 
Mr Gregory, Mr Speidal, and eſpecially by Dr Halley, in Philoſophical 
Tranſaztions, No 216, that I thought it not worth while to give an 

Example of the old tedious Way above-mentioned. 8 
It could hardly be expected, that in one Treatiſe handling ſo 
many different Parts of Arithmetic, I ſhould inſert a Table of Lo- 
A * which alone, with its Uſe, makes a conſiderable Volume: 
nd eſpecially conſidering there are ſo many Tables already pub- 
liſh'd; for beſides Mr Briggs's Original, there are Tranſcripts by 
| K k 2 Norwood, 


7 
* Ai. bn ti. ras 1 ** 
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Norwood, Gunter, Wingate, Moor, Newbouſe, „Sturm, Taylor, 
Harris, Ward, &c. Engliſomen; beſides thoſe of Kepler, Vlacg, Ur/in, 
&c. Foreigners. But I have however (the better to make this Book 
anſwer to the Title) inſerted a Table to 10000, and Rules to make 
it to 100000000. ltd e ci b (l. 1 2 


[10199 21 28) 
6433 og Teng: 00 WHT gates ing e eee 36 Yoo! 
SecT. Il. To Add, Suhſtrad, Multiply,” and Divide. Logatithms ; 
or io perform-ibe Work of Multiplication,” Diviſion, to Square and 
Cube, and Extraction of Roots of Iutire Numbers by the Logarithms, 

N . L ; 7 B92 WISH] EOCN5:; SOT! 3 


UT it muſt firſt be obſerved, The. 
| denen M1.43:1520,.4 
I. To take any Logaritbm in my Table belonging io any Natural Number: 

If the Natural Number confift of three Places only, you have 
them in the Column under Natural Numbers; and in the next Co- 
lumn toward the right hand are their reſpectve Logarithms under 


0). 4 - | {\ 2 * 
; But if the Number given conſiſt of four Places, look for all but 
Units place under Natura! Numbers as before, right againſt which, 
and under the Digit in Units place, is your Logarithm required. 
And in like manner for any Logarithm under 100, ſee for that in 
Tens place under Natural Numbers; and for that in Units at the 
head of the Column, and in the cammon Angle of meeting ſtands 
the Logarithm ſought. r 


II. To find tbe Natural Number to a Logarithm. | 


This you will eafily do by the help of your Index, and eſpecially 
by conſidering the Nature of the Numbers which increaſe from the 
left hand towards the right; as the Digits at the head of the Co- 
lumns, and thoſe in the left hand Columns reſpectively increaſe 
where four Places is in the Natural Number. But downwards the 

arithms are to ſuch Natural Numbers as increaſe by Ten: 
Thus the Tg 8123785 I find under 2, and againſt 649.; ſo 
that it is the Logarithm of 6492: but if it were the Logarithm 
8122447, I find that under (o) and againſt 649; ſo that 6490 is the 
Natural Number ſought. And the ſame Logarithm is alſo for 649. 
As all are Logarithms for the Natural Number expreſſed in ho 
Table, or for that Number multiplied by x or more Tens ; but you. 
are to be guided by your Index what places your Number is. 


$9 
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ue much r the Logarithm'of Twegers : And for thoſe of Fractions 
mbers, fee. Sect. 3. following, and more of the above. 
1 02k 
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Example 1.] Multiply 91 by. 93. TRY | 
| NW: 1 5 the Logarithm of 91, which . 2 1.9 904¹ . 


Add the Logarithm of 93 —— —= 1.9 249297 3 
Produt= $463 31 the Nat, Numb, tothe 927 2 Sum. 
41 KNEE 2 bore Logo 25 477. 1 Log. 4 * 

Nule. To the is = 2.247973 
+ ee hich is = o. = — 


| Produc 708 ; its Laim = = 2.8500333 Sum. 


Theſe t two Examples are ſufficient to ſhew, how to multiply any | 
intire Number by another; b the Logarithms, where I need not 
ve many words to ſhew that againſt the Natural Numbers given 


i 
| Nan their Logarithms; and att the Sum of thoſe Logarithms 
ſtand the reſpective Natural Numbers 8463 and 708 : i. e. In my 


Table you have the Log. 9275243 my 3, and pre” 846 2 
Units place, where there ate 4) being always over 
See Selß. 4. and the Rules above for ds che Logurin jc 


their Natural Numbers. 5 wig 7 pr gr wang” 
oF un baten l., Kitt 


Example 1 ] Divide 8463 by 93 93. 
Rule. rg the Logarithm 67 2462; which'i is = P 9275243 


raul Deduct the Log. of 935 which" = ='y 9684829 [ 
1 5142 AU 
' Reſts FR Log. of the of gfe which is 3 959047 91 


Exampl 2.] 7 708 by 17 
From the Logarithm 70 708, which * rl. 560g 3 


4 Deduct the Log. of 177, which i v. = 2. 279733 
Reſts the Log, of the Quote 43 which i is = 0.602060 


III. To Square any Intire Number, and Extras the Square Root 
by the Logarithms. 


1. To ſquare (or involve in itſelf) any whole Number. 


Example.] 


155 | debate, mine, cue 


Example.) What is the Square of | 
Rok REA the AL os, eg CPI 5 


28 1 1 Ge BY nein 7 8 
Was 28 uare ſo Ve the aural W{.c8% 
9 | i 5 = ug c, beingth N * 3.991204 
2. To evalve, or extract the 3 uare Wot of any Intire IVumber. 
" Example.) What is the Square Root of wich ? | 
Rule. T half of the Laute of 9801. Log. 183. 9912704 
| Half that Log. of 801 is = 1.9956352 
: Which. half is the Log. of 995 = the Root ae And this 
proves the laſt Queſtion. © 
IV. To Cube, or Extra#* the Cube Root of any Intire Number, by 
the Logarithms. | 


mas To Cube any y Whole Number.” ST N 
. » Example.) What i the. Cube of 217 


g 150. 16 


Keule. ae Log. of 21, which i is | 2 =7 9 

* | — —3 

| And the Cube required i is g261 = the Natural : 
Number of 115 329666579 


2. To extract the Cube Root of any Intire Number. * 
Example.) What is the Root of 9261 ? MY 
The Log. of 9261 is as before = 3 5666570 
of that Logarithm is = 13222193 
Whoſe Natural Number is 21 = the Cube Root required. 

g. If you deſire the Biquadrate of any Number, multiply its 
Log. by 4, gives the Log. of the Anſwer: And if you would have 
the Biquadrate or Surſ id Roots, Se. of a Number, divide its 
N e by 4:0r[5, Sc. wics are needleſs ; but note, that 

if the Index is leſs than the Divi r, take ſo often as the Diviſor 
can be had in 2 places. 


* 
Scr. Ul. To perform the Work of Multiplication, Diviſion, Square or 


Cube, $&c. or Extract the Roots of Fraun and mixt Numbers, by 
le 1 


E FORE 1 | give 3 2978 Sb it will be ne- 
ceſſary to A a Rule for Adding or 8 e In- 


ou or Chara ict. 
Note 
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Mete, That when the Index is mark'd under thus (—) it is ſo 


much mene Nate ga * a A 
„ Thee ieee 2 


for adding 1 Fi zi did .c ; ett 
antennen the Addition of Indices. * 
Indices o "Pay >. bis! ett” dh 
garithms are nu- Exam. 1. Add the Index 3 
merous, and gott to . * 
eaſy to retain in 7 2 


mind : I have Sum = 2 
therefore ſuppo- - | 


- — 


ſed (which ta- a 
kiog the R o be 2. == : ; 
of the Ae. Pit en dw Fig dne 
long with it wo har ec SA 4) 
— 2 — all Reba Sus K | 


without charg- _ = 3 4 — 
ing the Memo- Exam. 3. 4⁴.— —2 

ry) when the In- to 3 

dex is negative, ba 
that it s a Pets. | Git i © Gries 26 
ſon owing . ſo N 5 


many roo more. | n v5 prov rot th; Bub 
than he is worth, | 282 1. n Aden 
as the Index- —n — 
Digit expreſſeth. | 


This being done, the adding to or caking from the In 
acording to Nature of each, makes che Sum or hs per bl ly 
appear. 

. So in the firſt Example of Addition above, I conſider that if 
I add J. 100 to a Perſon who is 3 worſe than vothing, the Sum 
muſt be 2 ; that is, I then make him worth but 2 leſs than nothing, 


2. In the ſecond Example, if I add 1 leſs than (o) to; that is, 

if I take 1 from a Perſon who hath 3, the Sum is but 23 for that 

is all that is left. And if I add 3 leſs than nothing to him who be- 

* was 2 worſe than (0) Leave him 5 leſs than (6), ag in Exam- 
e 

3 So in Subſtraftion of Indices: 

If (as in the firſt Example) I take 1 from hier tie! ae is 

2 worle or leſs than (0), I Heave him 3 leſs than n and ſo 

2 is the Remainer. 


4. If 


236 Deedbesven an bünene, CH aS5VIE. 
- 4 If (as in che 24 Example). 1 take 1 (or view Uh than nothing) 
from Kit ttiat hath 2 in poffeffföf alteadys E chen leave Him worth 
becauſe I take 1 leſs than nothing from him: therefore I add 1 
Ee him, that is, I make 2 into 3, which is therefore the Remainer. 
(See the words Negative Ar ic in Algebra.) And all this woa. 
4 right, is but one ſingle, ſhort, and e y Robe. 0 


k II. 1, eure ye ma Ned Temes 


L 
ed 4 7 


2 Prob 1. To find the arithes of 6. mitt Numbtr, as | KI 
ka Take GL 0y.00'5t 9177, except the Index; an to that ta 
to the Number of Places in the 
| ine — t OF the — ven, as by the little Table under the 
iregral Pr of the firſt dect. of 5 is Chapter, and you have the Anſwer. 
| | . Thus the Log. of 9177 (without the Index) is 962 7007 3 
and the proper Index for 1 Place being o, therefore the Anſwer is 
| 0:9627007. 
| So alſo W of 91.77 s= 19627007, and of 975 11 
007 
as 2. " To find the Logarithm of a Decimal, as of .5 
Kale Take the Log. of 5, except the Index, and ix f to 4 
Lo an Index agreeable to the Decimal, as per the ſai little Table 
— 3 the 6th Head of the 1ſt Sect. of this Chapter. 


| 

| | Examples. The Log. of 5 is = 6989700, without its Index : to 
| which Log. if you put its proper Index 1, (there being no Cyphers 
| 


Herween the Point and the 5) the Anſwer is 1 6989706.” And by 
| the ſame Rule the Log, of 05 is 2, 2.698970 ; of 005 = —3 698970 3 
1 and.of .090579 the Log. is 4.762678; ;; being the Log.of 759, with 
the Index of 000579 put before it. 


UI. To find Mix! Numbers or Decimals to Logarithms by the Table, 
1 1. Jo nd a Mixt Number tu 4 Lo arithm. 
d got the Index; but look for the Logarithm amon 
3:20 which would. have the greateſf Indexes, which havit found, 
take the Natural Number ſtanding againſt it, and point off for In 
| _ " Tegers according to the Index given. 
mple. What is, the Natural Number to the Log. 1. 9647097 ? 


Eu 
| : able extending to 10000, the greateſt Index is 3; 
; 7 Ifind my Logarthm given, .and right, againſt K 1 fa 
9177. 


— — — 


4] n 


ster. III. Multiplication by the Logarithms. 257 
9177. Now the Index given being 1, requires that 2 of the 4 Places 
be Integers, ſo that the Anſwer is 91.77: And alſo the Natural 
Number to 2:9627007 muſt, 977. 7, Sc. as per the Rule for In- 


dexes above. 

Prop. 2. To find the Decimal to a Logarithm, 

Rule. Look for your Logarithm in that part of the Table where 
tis to be found, as before in the laſt, and put down the Natural 
Number that ſtands right againſt it : then according to the Great- 
neſs of the Index given, make the Point of the Decimal, | 
Example. What is the Natural Number to 4.7626785?, _ 

Aga inſt this Logarithm I find 5790. Now becauſe my Index 
given is 4, I place 5 in the 4th place from the Point, and 27 * 


fore that .000579 is the true Decimal ſought. 
IV a 7 0 ne Mixt Numbers and Decimal, by adding their 


I have ſo fully prepared the Reader for this that T only need to 


give Examples, 
Example 1. A Mixt Number by a Mixt, as 9. 336 by 12 09 
To the Logarithm of 9.336, which is 0.9701608 


Add the Log. of 12.09, which is 1.0824263 
The Sum is the Log. of 112.9 the Product, viz. 2.0525871 
Example 2. A Decimal by a Decimal, as. og by .123 'Þ 


To the ths, of . og, which is — 2.9542425 
Add the Log. of 123, which is — 1 1.0899051 


The Sum is the Log. of the Produdt .01107, which is 2 0441476 


Example 3. A Whole Number by a Decimal, as 765 by 00345 
To the Log. of 765, which is 2. 8836614 


Add the Log. of .00345, which is 3.537819 


The Sum is the Log. of the Product 2.639, viz. 0.4214805 


LI Example 


* 
: * 


„  Multiplcationty the\ Logaritbnir. Suden. 
| A Mixt Number a Decimal, as 1-23 by .0000g. 
825 2 To the Log. 2 3, Which is e 

| Add the Lag. of .00009, which is 5. 9542425 


„ 2 TT F< 


The Sum is the Log. of the Product 0001107 = = 40443476 | 


— — 


Note, That ien, ever 1 in b to the Tie that 1 1s i donate, 
and muſt be added to the lower Index, and that Sum to the upper, 
as per the Rules and Examples of adding Indices at the beginning. 
of this Section; and more particularly in the three laft Examples. 


V: 7 divide Mixe Numbers, Decimals, &c. 
: | their Togarithm 9 


m the following Scheme you have'all the Caſes 2 can happen. 
under this Head: which „it be eaſily performed, only obſerving 
the firſt and fecond Exam — 9 98 
at the beginning of ws | 


ner, Dizi d He Laab, 239 
. Cajes Di, done by Toarabms. 72 
1 umbers given, or Dr Tab- \ 
ca. dends and Diviſors, c. fers that of the Diviſor. 
" y — — | 
| I, " Divide 237.3 — 2.37 52977 \ 
TÞ 14] 14712 00 By dg:32 — 1.4034637 i 
Quote = 9.376 Reſts o. 97 8340 
| rr 
2E Dieide 11.5 — 1.060678 | - 
| : by 932 — 2.9094159 
: Quote .01234 Reſts LC 
— 4 n 1 1 — 
| 3. | Divide . 12344 — 4 1.0913151 I 
4 by .321 —1 1.506500 ö 
A; | Quote 3846 | Reſts I 1.584870: | 
na | 6s FF WORE ” 
* by Divide 463 | . 655870 | 
| 2 by 3214 — 5.5070459 
| Quote = .0001 44 Reſts 4158535r | 
Then Divide. 2 | —— 0.30k0300 
* by 3.214 — 0.507045 
| Lo Ju Re 2.793984r 
: $2946; Divide 5 1 — 0.6989700 1 
$000-00 ; by\g65_. | |: > 450820297 þy 
| Quote = 0137 ASE 771 
7. Divide . 1.26 qu — o. 1003705 
| by 002 | — 3010300 a 
| Quote = 630 * Reſts 2.7993 405 
W | —1.6989700 
4 by 7:5 3 
I secs 7 7 eit ? 
* Divide 999 4 — 29995655 1 
by 00013 WA 
| uo. 7684615.384 Reſts 6.8856222 | 
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vi. To, heed Mixt Number or Decimal, or Extras the 

| rh Suare Noot FEY 4s 

2 To fevare fuck Numbers, | 25 ad 
Rule. Multiply the Logarithm of the Root . LEED the 
Index be negative, out of the Product of thes by the 2 deduct what 
Tens are carried from the place next toward the right hand, and 


a 


pat down the Remainer for the Index of the Product ( or Log. of the 


1 69 3 La ; | 


Examples. 


L 


— 
o 


I. For Squaring Decimab, Sc. by 22 
aer Roots| The witheys Double. . the ba | 
given. of thoſe Roots, | Col. or the 3 | 
Mean 
987.6. 2.994811 | 5.9891622 | 
98.76. 1.9945811 | 39891622 | 9753. 5376 
9.876. o. 9945811 — 19891622 2 97. 5353 | 
9876. | 1,9945811 19891622 97533 
9876. 2.99458 71 3.989622 9753 
5 oog9876. 3. 39948811 5. 5.9891622 | 00009753 
.ooog876, | 4:9945811 | 79891622 .00000097 53 
1 pass |. 99891622 000000099753 
Or, 1. For the Square Root theſe oy obferve. 
Su. Roots fought | K the Logarithms | aritoms of | $; 95 
(or the 2 of. the Squares ; Togo S quares | Squares given, TR 
Ne to the half | or thoſe. of the | e. 8 ots are * 
E _ Roots. | — A 
2. Obſerve in 1 the * Root, that is to ſay, in 8 


| half of the Lag. of the Square ; if the Index mY odd Number, 
add 1 to it in your mind, and ſo proceed: As in taking half 3.989, 


CNA of 19, =9: n. = 9, Ge. 


" - . "4 
: = a It " 4 * oy x $ * 1 f ' 1 
% 1 d of * Ss % : — Pg | 


2 Le —- — 2 — — 


VI. 2. 


4 „ 


Ser. HI. 


* 4 


* ay * * E 4 
0 eee 2430 D 5 


. * 4 * 
8 4 — > I” 
w # ” fi £ C , Su *7 — 7 * 22 44 & i ab $1.41 t , : ; 18 
Tt Extract the Cube 6 
VII. To Cube, or the Cube Root of Dicimals, &. 
= * * — ” mn N 
r of : * rx : > I 2 * > ©. * 


/ v 10 


. 
3 = - 


* 
- 
: 


I I And land as Ae; torr e wn 
amen.” 
00. 202 10 T0009 ent vided toes 
350. „ SDY 16.04, und OSA vg e u on nig. 
. - © # ” : 
I. For the Cubing of Decimals by Logarithms. | -| 
SES? + : ö - N " . 2 


* 
'F 18089988 0 4 7 1 1 
- N 41 ff j 
— = 
th. 4 r 1 


The Cubs | aids Ze 
| Rooks *| "of theſe _| "the Togari-' | 
Sven. ts b 


3.1 0.4913617 | 1.4740851 | 29.791 
311.4913617 2.4740851 | 029791 
031 24913617 F- 5:47 40851 - 000029791 
0031 | 34913617 | $.474085x |, ....00000002g791 , _ _.. 
0003144913617 11.4740851 ,t 
,000031 | 5,4913617 | 14.4740851 .000000000000029/7g1 | 


r, II. For the Cube Root obſerve theſe Titles of the Columus | 


— 


| Cube | HofthoeLr-| ro | oa ne 
_ garii 5. be — of 4. ſe Cu he | ar) * wy * 
ſought. umbers. quired, 8 


ing thoſe of 
| the Roots. 


1. You ſee by the Examples, that to Cube any Number'(as thoſe 
next the left hand) is to multiply their Logarithms (as in the 
2d. Column) by 3; and the Products are thoſe in the 3d Column, 
whoſe Natural Numbers required are thoſe in the 4th Column. 
And here note, That what Tens you carry, you muſt abate out of 
3 times the Index; as taught for the Square Root. 

2. For the Examples of Extracting the Cube Root: The Num- 
ber in the Column next the right hand are Examples of Cube 
Numbers given, the next Column are their Logarithms, and the 
third Column ire third parts of thoſe Logarithms. Where note, 
That if your- Index cannot be divided by 3 without a Remainer, 
you muſt add ſo many Units to it, as is neceſſary for that end: 
And ſo many Units as you borrow'd there, you muſt pay Tens Hos 


262. Iker Firattions -  CainVvit 
the next Figure, and then take a 3d of the whole Log e Ex- 
amples make. all plain. A. * 

Or for finding the Biquadrate, Surſolid, or Squared Cube * | 

Rule 1. Multiply the Log. of the Root given by 4, 5, or 6; ob- 
ſerving the Rules iven before, abating w what you carry, out of the 
Product of the reſpectivelj. 

Or for finding the Biquadrate, Surſolid, or Squared Cube Roots. 

Rule 2. Divide the Log. of the Power by 4. 5, or 63 obſerving 

the Rule of adding ſo many to ad Index, hat you can divide it 


without a Remainer, and paying fo many Tens as you added or 
W Units, to the next 1 7 


+ 1 Dee Nat. Ne 
Examples to Rule I, r ＋ ne, of are the Anſ. or 


Peer "Powers requir'd 
Thee the 2 2 1. Log, be }- = 29084848 oog 

e 
1 2 bene, Gt = þ = 48627272 =.000729 


= 


and accoriing to the loft Rate. la gu. Rout 
Biquadrate Root of 0081, its Rn. bub. 
W n | = rene = 3. 
The Su ſolid Root of ,00243, its x2 | 
3856 } of 1 73 Sie | 
The Squared Cube Root of 007 29, its * ae H Fo 
Log. being 4.8627 272 s of that i is = 1.47 71212 = 
Which later A prove the Truth of the former. 


| VIIL To find the Logarithms of fg Fu. eſte. 
D Operations (her 


l 
* 


8 


© Prop To find the Log. ef. | 5 
Rule, J otitis £.x of the 
Rong jy organs we en 


 Swer. n. % Lene, er 
ak From 0 Log. of 3456, which is is =3.5385737 
_Take the Log. of 4567, which i is = 9.65963 10 


: 


L - Remaics the Log, of h, which n =18789497 


77 2. To find che Log. ole coped Fraction. | 
Rule. Reduce the Compound to 2-7 and work as above · 
Example. To find the oa of a; 6? 
The Com * in 8 being 4H, the L . as — 
Or Log. 16 of = 2.878947. | : 
Poop * To find the Logaiiom of » Mix: Number. 
educe it to an 
as per the firſt Propoſition. This 
Prop. 4. To reduce a Vu 
Rules. ein Jag . of the Few, eee then 
_ that Log e Table you have the Decimal. _ 
Erangl. To 6 +: to a Decimal. The Log, of this Vul- 
gar Fra as before, is = 1.8789427 3 and the Natural Number 
to that, per the Table, is.7567 = the Anfwer. 
And for reducing ſuch Fractions as this whaſe, Terms 
have ſo many places, I take this to be the moſt eaſy and ſpeedy Way 
of reducing them to Decimals: and if your Table of Logarithms were 
to 100000, or where the Numerator is 2 place leſs than the Deno- 
minator, the Rule would in moſt Caſes be exact enough. | 
Prop. 5. What is the Product of one Vulgar Fraction by another, 
givin the Anſwer in a Decimal Fraction? 

Add the Log. of the one Fraction to the Lag. of the other 
found as per the iſt rop. and look for the total Log. in the "Fable, 
againſt which ſtands the Decimal required. 

Example. dank is the Product of 1935 by 9395 | 
18289 its Log. as before = 1. 2878947) 
989% its Lg ·— — =2. 2.8890803 
n 
The Product for Anſwer is 05862, whoſe Log. is 2. s 2.7680230 


| 


And thus *tis plain, that knowing by the Rules delivered how to 
find the 9 rap of Vulgar and Decimal Fractions, they may be 
multiplied or divided fimply or Ne For, 


6, Suppoſe it were required to divide. 58a by,: 
If 


— 


- * * . 
2 * . 9 
A , -#. 


1525 [7201593 | 7202420 | 7203247 | 7204074 | 7204901 


= . . * 
. ” —_— 4 As 
* x” — * 9 8 
„„ — 2e a — ty = — G 1 


eu mee Ports cue Vi 
"Th I from the Lag. of ;05862, which ALY 2.7680230 
. — the Log. , which i is = 2, 2.8890803 
eden = „ He HE Iv g Sd tut and ' - IF 
The Remainer is the of 7667, or 1 
of. Heß, vix. e A el 8. 7% 
Wich proves the Operation above. 201 A 


* By what is aboveſaid, it will follow chat the Powers or Roots 


r Fractions are eaſily found dy mulciplying the Log. of the 
Faden Fran ned as a Root, b) ts MALL 8. c. to obtain the 


Nene, or by Dry" the Lag. of the ulgar Fraction aſſigned as 
a Power, by 2, 3, Sc. to obtain che reſpective Roots. And this I 
take alſo to be the eaſieſt and ory Rug of finding the Powers or 
Roots of Vulgar Fractions; e Tp y where the Terms conſiſt of 
3. 4 or 5 F eee of 


Le e mne. 


„ Table f Barbe, Lear Method 
Natwodd, and ſome othtrs. ' 2dly, 
_ Of the Arithmetical Fo. rt of Logarithms. 3dly, Of Parts 
roportional and Differences : And, «ty, * to gy * Ti * | 
* Er Keen 8 101 


| ' 
DA” u! 


H E caſieſt Tables for a Ts to os are whoſe that have 

the Indices put down, and Logarithms to the Natural Num- 

bers which are intirel placed ſucceſſively. But I would here ex- 
to him another [19h of Table placed without the Indices, and 
which have not the Units place of the Natural Number with the 


reſt, but over the refpetiive Logarithm (this is. the beſt Method, 


and which I have therefore obſerved in * en. ö of 
Logarithms) thus. 

| 5 . 7 a . | &c. | 
No. © £ AAN 2 2 | 419 


52271267 | 7177537 | 7178369 | 7179200 5180032 
523 72185017 | 7185847 | 7186677 7187507 | 7188337 | 
524 | 7193313 | 7194142 | 7194970 | 7195799 | 7196627 


— - * 


F 


4 N 600 22 nan, , as 
oy bs this is to be fed you mu, for exam- 


e to find the Logarichm of 3244, put down, 1, 3 for your 
NE TT of f the firſt Sect 


of 7 Chapter. 
W Having found 524, (the three firſt Figures of your Natural 
r 


given toward the left hand) caſt your eye in the line to- 
_ the right hand, till ayes come under the Figure in Units Pace 


of the Number given, (here 4) where ging 824. 2 F 4, 
you have the 275 required: for Wege 3.719637. 
59 he hap 223 18 3.179200 an ee * 


ike 1 Natural Number having alli its places found to- 
— 5 9 Number; the Log. againſt 323, and under o, is that 


a 1 
Tuck Logarithms in Mr Briggs firſt and large Table, als. i in 
nnn ee pb angry rw. W bv 


ta 48 * * 4 1 if 51 N. 


Ne | | La. pvp Log. e Lag. Wo” 15 pA | | „ 


322 2776 3227 377837 5230 3716847 1 
523 2/1860 5222 3.778369 3232 $:7186677,0 öò 9 
524 2-7193313 | 5229 3-7179200 | 3233371820 1, 
525 201593 5224 3:7 8j 5234 37188337. 05 10 
II. The Arithmetical Complement of a ithm, is that which - 
will _ 5 10,0000000 ; fo that to find the Nr the 
2 » cn ven muſt be deducted from the 10.0, WM.. 
ow Ine 


beſt way to ſubſtract this 10. | 
(not according to the common +» Of Log. given = = 37204901 LE 
but) to rake every Digit of the Su — 


| R from 9, except that in Units 7;; Com b 26. 2 | 
, d ck which a from 10: And to " 795999 
ou may begin at either end to ſubſtract. 
The omplement Arith. is often uſed in Analogies — 
Artificial Numbers, to prevent Trouble and Confufton : For inſt 
of ſubſtracting a Logarichm from the Sum of two others, it is uſual 
do add the Complement Arithmetical, and from the Sum of the 
three Logarithms to abate Radius or 10.0 from the Index of that 
Sum; which gives the ſame Anſwer as tho* you had deducted the 
1 of the firſt Number. 
inſtance in a common Queſtion in the Rule of Proportion 
If I give l. 25: 10: — for 48 Yards of Cloth; what will 15 coſt 


at that rate ? 
| M m Yards 


8 5 — 2 = Is Y * 
* 7 - - 
—- N E 

— — — — — 

— — — — — 
. 
. 
„ 
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| | Yar 4h, its Logarithe = 16812442 N 


44 ; oo ——— * 


hag. its Logarithm = 1.4065 402 Add. 
Yards 15, A 1.176091 


WW bd 43.44 


A | Sum a. 5826314. . 
From which dedudti the firſt Log 151 
KRemainer is rave 7.968, 2 9. 9013902 
This by the Complement Arithmetical is done thus: 
48. Compi. Arith. = 8.3 187888 
25.5 : its Leg. — = 14065402 
15, its Log. — = 1. 1760912 
Sum abating 10 in the Index, the Lag. of } 
5.968 the Anſwer as before Wnt] fo 3 
Theſe kinds of Operations are much uſed in Trigonometry, with 
the Logarithms of Natural Sines, Tangents, &c. 


III. Of Differences and Proportional Parts. 
1. By the Differences is meant the Differences of the Logarithms 
of 2 Numbers 2 and numerically ſucceeding one another, 
or the Differences of the — of ſuch Numbers multiplied by 


10. 
2. By Proportional Parts you are to underſtang, one or more tenth 


Part of thoſe Differences. And theſe are apply d in Practice thus: 


IV. When you would find the Lygrvie any Number that is greater 
than what is contained in the ſubſequent Table of Logarithms, and you 


88 would do this by ihe belp of the 7 Table of Differences and Parts Pro- 


' portional. 
Suppoſe you were to find the Logarithm of 51716: ſee the Ope- 
ration. 
* — the Log. - 15 
And of the next Number 6172 or 31720 7136585 
The Difference of theſe Logarithms is = 840 Dif. 
Which found in theTable of 92 og FT] 
lowing, that of the Logarithms) Jo — 
that 840 and under 6 cke Digit in Units place 71 7136249 Sum. 


of 


+ 


Ste, NM. aw Difnances, © 267 
of the Number given) you fitid the Proportiona) Pare 504; which 
added to the Logarithm of 37 1, the Sum is that of 51716, which 
with its Raer is 7e. You may prove the Truth of 
this by dividing 31716 by 7, th e i 2 7389; to the Log. 
_ which if you add that of 7, the mis the Log. of 51716, as 


„ 2. 8 ove the Truth of thms in the Table, without the © 
Table of Proportional — as . e of 7000 to 7010 excluſive. 


The Difference between the Logarithms of 700 and'701, or 7000 
and 7010, is 6200. | 


nd 


Are theſe Sumis of the laſt The Natural 


CO Log. of Logarithms and Numbers to 
7000 Proport. Paris be laſt Lo. 


IS Fa repeated. reſpettively, = garithms.. 
W | | 


620 8450981 8451601 700 


1 

2 1240 849098 1 8452221 70602 
3 1860 8450987 8452841 7003 
4 2480 81450981 845345 f 7004 
5 37% 84809: 34581 500 
6 3720. 8450981 8454701 7006. 
7 4349 8450981 $455321 7007 
8 4960 8450981 8455941 7008 
9 5580 8450981 8450561 7009 


By this it appears, that the Difference between the Logarithms 
of 70600) and 7or being divided into ro parts, 1'Tenth'is' 620, the 
Part to add to the Logarichm of 7000, to give the Logarithm of 
7001; 2 Tenchs added to the Logarithm of 7000, gives the Loga- 
rithm of 7002; 3 Tenths of the Difference 6200, which is 1860, 
added to 845098 1 (the Log! of 7000) giveth 8452841 = the Lo- 
garithm of 700g, &e: 

And if you would have the Proportional Part immediately to 
make the Log. of o that of 7008, it is only multiplyin ing + a Tenth 
of the Difference (which here is 620) by 8, and the Product is the 
Proportional Part 4960; which added to 8450981 = the Log. of 
7000, the Sum is 8463941 = the Log. of 7008 required. And 
thus the 9 Logarithms between 7000 and 7010 excluſive, are exa- 
mined and — And ſo may any other without a Table of Dif- 
— this Proportional Parts, or by even calculating or exami- 
ay thoſe at the ſame time. 
Mm 2 3. To 


* — 
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3. To augment the Table of Logarithms, ſo as to make that which 
extends only to ſhew the Log. of any Natural Number under 10000, 
ſubſervient to give that of any Number under 100000, Oc. wine 
the Table of Parts Proportional. For Faule ; MERE 


1. To find the of 64736. 
ON The Log. of 6473 or 64730 i is = 81110386 


Of 6474 or 64740 is = 8111727 

The Difference 5 

A Tenth of that Difference ſong's the- Proportional 67.1 
Part for 1, that is to make the Log. of 64731) — 6 
Which multiply by 6 (the Place of Units in was? 1 
given Number )- produceth 


Or becauſe the 5 is above one half, you may make 5 
403 


the Proportional Part for 6 (in Units place of the 
Number given) ä 
Which added to the Log. above of 64730, viz, —— 8111066 
The Sum is the Log: of 64736 or Anſwer = = 48111459 
For as 10. 671 : : 6. 403 fere. 
i, e. As the Number of Cyphers added to the Natural Number in 
your Table with a 1 before ſach (o) towards the left hand; 
Is to the Proportional Part, or Difference of the two Logarithms : 
So is the Figures towards the right hand exceeding; the Places for 
which your Table is calculated, 
To _ ä Part to be added to the Log. to anſwer thoſe 
igures. 
2. To find (by a Table which has only the rithms to Num- 
bers under 10000) what the Logarithms are for all Numbers under 
1000000: For inſtance what is the Log. of 647365 ? 
Log. of 647300 is = 8111056 
of 647400 is = 8111727 
Difference = 57 
18 thereof, hard being 100 difference between the 6 
Nat. Ne of which theſe are Logarithms' ——— ts 
This multiplied 'by 65 (the 2 places toward the right 6. 
hand exceeding the Compaſs of the Table) —— 5 


Produceth = 436.1 15 
Which added to 


* — 50 the Log, of 64736 
um = 8111492. 0 
For 100. 671: : 65. 436. 15 the .15 may be omitted 1 


3. To 


4 
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3. To find (by a Table which has only the Zogariibms to Natu- 
ral Numbers not exceeding 10000) what the Logarithms are for all 
Numbers not exceeding/10000000000, For example 
I would know the Logarithm of 29668 206144. (1:4 
As before, the Log. of the moſt places to- Nr. Mo. Logarithms. 
wards the left hand of the 7 iT 

given, contained in my Table is off 2999900000 = 4721711 

2966, . which is alſo of 


The L of the next Number is of 2967 2967000000 — 4723 hs 


Or 0 — — — — — — 


Which Difference divided by 1000000 that each Unit 
may have its Proportional Part of that Difference, ,001464 
that for 1-is - — 0 
But becauſe the Numb. given requires 8 20514 of thoſe > | 
Parts for its Part Proportional, therefore I multi- > = 820514 
ply the Difference (as per the former Rules) by— 0 — 
And the Product is the Part Proport. for 820514 = 1201.232496 
Which (omitting the Decimal as uſeleſs) added to nl 
the Log. of 2966000000 as above, which is— \ 7217 
The Sum is the Logarithm ſought, viz. 4722912 
Which having a proper Index put before it, ac- 
cording to the Number given, as per the 5th Rule 
of the firſt Section of this Chapter: 
The Log. of 2966820514 is found = 9.4722912 


I have in this laſt Example made this matter ſo very plain that I 
need add nothing for that end; only to obſerve, | F 

1%, That the Log. of any Number is the ſame, tho* that Num. 
ber have never ſo many Cyphers added toits right hand. And there- 
ore in | 

Example 1. Of this Head, I call the Leg. of 6473, which is 
8111056, the Log. of 64730. .. 

In Example 2. I call the ſame rithm that of 647300. And 

In Example 3. I call the Log. of 2966 (which is 4721711) the 
Log. of 2966000000, making up the reſt of the Places toward the 
ot hand (for which I have no Logarithms in my Table) with 

phers. 

2dly, (As in the laſt Example) whatever Number of Cyphers 
_ N. I cut off ſo many Places of the Difference of the Loga- 
rithms, Sc. | | 


And 
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ene} coy elligibls, —— fra 
omi moſt others) very: inte ow to — 
. or find thoſe 3 that are 
the Difference and Parts Proportional, «gy var: are found 4 
ables for that are waa And have alſo moſt eaſily and plainly 
ſhew'd how of large Numbers are found without ſi 
Tables of Differences and Propormendl Parts. It remains. next to 
ſhew, 
1. How to find Natural Numbers . eee by the Tables of 
Differences and Parti Proport 
2. How to do the ſame without ul fuch Tables of Differences and Parts 
Proportional. 


4. To find the Natural Numbers 3 * the Compaſs f 
your Table, by the Difference and Parts. Proportio 


I would know the Natural Number ts the — 48111459: 
See the Operation. 


2 9111439 
The next Log. in r. wank 4m 
given is the of 6473, (which are 


che four firſt Places towards the lef ee 
hand of the Number required) vis. L 
The next Log. in the Table greater than | 8121527 


the laſt (being that of 6474) i —- 
The Difference of the 2 firſt Logarithms =' 403 
Difference of the 2 laſt Logarithms = 671 


Now to find the ↄtch Fi big of the Number ſought, or that in 
Units place, (the Index of the Log. given ſhewing that it hath but 
Sg lool for the 2d — under [Differences] in the Table 
das, my Parts, and you'll find the next it (greater) to be 
672. Then look in the ſame Line toward the right hand; and 
you'll find the 1ſt Difference 403; and at the head: of that. Column 
ſtands (6) which put in Units place, gives 64736 for the Number 
— This proves: the Truth of the it Example; m : 
1 | 


. To find the Natural Numbers (ibo very large) to an en 

* the Tables f Parts Proportional. ke ) - oa 
What is the Natural Number to the Logarithm-9,4722912 ?' 
Fjfind the Logarithms, and take the Differences as above chus: 


Sect. V. Compound Intereſt by Lagaritbms.” 271 
The Lag: given (without the Index) is 4722912 . , wa. 
Th Less len in the Table (which Fee Pn OO 
is the Log. of 2966) — 48 
f ater | | , 

Leh ne Tag. G ter than the 47231)5ů — Differ _ 

Now whereas the Index thews the Natural Number required to 
have 10 places, and there being only the firſt 4 found, there wants 
6 places, which with a Unit towards the left hand is = 1000000: 
therefore I ſay, As the 2d Difference is to 1000000 : : 41 

So is the 1ſt Difference to the reſt of the Nat. Ne required, i. e. 
"PS 1464. 1000000 : : 1201; 820614. 
Which 820514 placed towards the right hand of the 2966 found in 
the Table as above, is together 2966820514 = the Anſwer: 

But the Logariibms of 7 places being too few to find fo large a 
Natural N by, makes che Differences of too few places 3 and 
conſequently the 4th Proportional in the laſt Analogy will fall 
fomewhat fhort, if done by a Table having only 7 places. How- 
ever, the Example. ſhews the true Method of proceeding in this 
Cafe, which is all here intended. 

This laſt Example was deſigned to prove the Truth: of the third; 
where .232496 being omitted, if that Decimal be annexed ro the 
1201, the third in the laſt Analogy, it will then be divided by the 


1464, and produce the true Quotient 820514 exactly. 


SS r. V. The arithm in ſolving Queſtions o 
IF 3 | 7 


Queſt. 1. HAT is the Amount of |. 10 in 130 Years, at 5 
per Cent ? | | 

Rule.) Multiply the Log. of Example. 
1.05 (which is 1 J. and its In- 
tereſt for a Year, which in 1.05, its Log. is o. 0211893 
the ſubſequent Queſtions Icall , Multiply by. Years 130 
_— by 1 30, __ . 
of Years) and the uct is Amount of 17. 1 = 568.4, 
the 2 of the Amount of in 130 Years, * Log 2.7546090 
I. 1 in 130 Years, To which add the Log. 

To this Lag. add that of of the Princip. 10. 5 
I. 10=the Principal; and the Sum or Log. of 
Sum is the Log, of the Anſwer, 5684.409— 
viz. of J. 5684.409 = the A- 
mount required. | Qiueſt. 


3:7546090 
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Sd 2. What ig the preſent Mortb of l. 5684 N 2 * 
l. = 4.40 3) due at the End of 130 Years? IS 
1 Find the Logarithm . . | 


eee den nue 8 70 = 

Years, as before. 12 8 ee 
Subſtract the Log. of that Ratio = =1:05, its Log. =00211833 

Amount from the Log. of the _ © Multiply by — — 130 


Sum whoſe preſent Worth is Product, or Amount of 
required, and the Remainer 4.1 in 130 1 = 2. 1.734090 
is the Logarithm of the 3 568143 its | 
ſent Worth, as per Margin. which laſt, dedu from 
So 1 find [.-5684.409/to'be | che Leg of 1. 5684.409 $:2546090 
received 130 Years hence, is And the remaining Log. 
worth 1. 10. ee is that of 7. 10, the 1:0000000 
T the 1ſt. Nee — — Fer. 


1 1 *. 4 w 4 8 N 
+ 1 5 FL 2013 iti £1 1 3 : : TY : : CT a5 9 +4 +7 * 
> 1 


2 3. N of the 3 15 — 
in 21 Tears, according to its utmoſt . F ras at 5 pn Gent - 


Rule.) Find the Amount of 81 
L 1 for 21 Years, as above. H aer. N 
2. Then from the 74% of 801. 1 
the Amount leſs 1, deduct Ratio: 1. 08 its 61%. Kg 


the Log. of the Ratio leſs 1; Multiply by ears — — 21 
and the Remainer is the A. Product, or Amount of 
mount of J. 1 Annuity in 21 J. 1 in 21 Years 2.786; 0. 4449733 
Years. its Log. — — « | 
3. Add to the laſt Log. that 1.786 = the Amount 

of 25 the Annuity, and the leſs 1 its Leg. — 
Sum is the Anſwer, or /.8 55 1,05 = Ratio, leſs 1 
the Amount of 25 1: =.05; its Log. 
in 21 Years, Which laſt deducted, 
there reſts the of 

IL. 35.72, 3 p 5529175 

J. 1 per An. in 21 Years. | 5 
To which _—__ the 

Leg. of 25 21 nnu. IT +397 9400 
The Sum is the Log. of 

1.893 the Amount of >2. 9508515 

the Annuity for _ 


7.26788 I 5 
2.6989700 


Queſt. 


ster. Wh. Compound Intereſt by Logarithms. * 


2715 


aeſt; 4. What is the preſent Worth of a Leaſe,” or Annuity of l. 25 


po 


111 in 21 Years, as in the laſt 


Ratio, leſs 1 

3dly, Subſtract that Sum 
from the Lag. of the Amount, 
leſs 1; and the Remainer is 
the Log. of the preſent Worth 
of I. 1 Annuity to continue 21 


Years. 
4thly, To the laſt Log. add 


that of the Annuity given, and 


num, to continue 21 Years at 5 per Cent. — 
Rule. ] Find the Amount of 


Example. 


2.786 = the Amount” 


Queſtion. | 
adh, To the Log. of chat . 
Amount add the Log. of the 


of l. i in 1 Years (5 094449753 


above) its Log. — — 


og = Ratio leſs 1, he 2.6989700- 
Sum = —— 1. OY 
— 
Reſts the Lag. of 12. 8227 
which is the preſen 
Worth of J. 1 per Ann. 
to continue 21 Years.) 


1. 1079362 


the Sum is the 3 of the To which add the Log. 


— - 893 „ * — —„— 


of l. 25 the Anna $f 3979400 
And the Sum is the 


Lag. of the gar 


J. 320.527, which is 


c C or Teaſe will the Fum of 320.517; or 
1.320: 10 : 64 purchaſe, to "continue 21 1 allowing the Pur- 


chaſer 5 per Cent. 


Rule.) Find the Amount 1 | 


J. 1 in 21 Years, as in the iſt] 
Sc. Queſtions. 

'24ly, To the Log of that 
Amount add the Leg. of the 
Ratio leſs 1, as in the laft. 


3dly, From that Sum deduct” 


the Logarithm of the Amount 
leſs 1, and the Remainer is 
the Tos of the Annuity that 
. 1 will purchaſe for 21 Years 
4thly, To the Log. of the 
Annuity of I 1 add th 
the-Purchaſe-Money, and the 
Sum is the Log. of the Annuity 
ſought here l. 25 per Ann. as 
fer the Work in the tt 


e Log. of 


ney, its Log. add = 


Example. 


2. 786 be Amomtof 11 
in 21 Years, its Log. 
05 = Ratio, leſs I, 


1.786. = Amount, leſs 
I, deduct its 3 


Þ 0.251881; 
Reſts the Log. of the 


—— that J. 1 will 

purchaſe for 21 Years, z. 8920638 

viz, of ,078, which 
922 —— 


320.527 the Purchaſe - Mo- 


©2.5058762 
4. 25. per Ann, the Annuity re- 


uired, whoſe Log. is the I. 400 
Nn of the 2 laſt * 8 ory 
Queſt. 


% 


274: Compunid-Intere/& by Loagarithws.  Cnxe Voc 
| Queſ. 6. What is an Eſtate worth in Fee, which contains Ara- 
ble Land l. 60 per Any. Under- Wood which once in 15 Fears is worth 


J. 200, and there is alſo Timber which tis computed. after 30. Vaan. 
Growth will be worth J. 1000? 


06) The Arable Land at 20 Years Purchaſe 
5 


14 


is worth * 1200: 00.506 


2dl, J. 200 (the firft for the Under-Wood) 
due 15 Years hence at 6 per Cent. by the 
Logarithens (as per the 2d Queſtion) is 
. 1.06 its Log. o. 0253308 |, 
Multiply by Years '— —; 16 7 


— 4 


397 = Amount of J. 5 * | 
e 9 rin 15) 03795870 
Which taken from the Log. of 
1. 200 


: 3 enger i thc of — 1 nate Bg 8 2 9: 100 


3dly, By the ſame Rule the * Value * I. 200 


enen, 


N ꝗ2— — 


| due 9 By dato Ru — * 8 = | 34: 16: 00 
46 Years hence, is F rn * 10: 00 
5thly, The Value of the 4th J. 200 due 60 hues 6: 1 200 
hence, is per ditto Rule — r 
6:bly, The Value of l. 1000 for the T Timber . | 15 4: 2200 


30 Years hence, is in preſent — — — — 


The Sum of which ſix Articles is the Anſwer near) | 
enough 2 in this . to 2612 + 18:6 


- 
Ped 


* 
* » 1 


Ser. V. 


to continue 21 Years at 5 per Cent. 


Compound Turereſt \by Lhgurithms. 


25 


"Queſt. 7. What Annuity payable Ryarterly, e will l 320. e 


Rule. ] Firſt take afourth of 


he 08 dentures that ch 
2dly, Multip At 

the Quarters in the Years: * 

ven, and that gives air 

of the Amount of 4.1 bann 


. 
, To the * 
305 the Rate 


Amount add chat 
garter leſs 1. 

4thly, From that Sum de- 
duct the Log. of the Amount 
for the Quarters, leſs 13 and 
the Remainer is the Log. of 
the Annuity that J. 1 
chaſe for 21 Years pace 
quarterly. 

;thly, To the laft Log, add 
that of the Purchaſe- 


Money, 
and the Sum is the Las of the | 


Ay this Example b- 
| it is 0 

vious, that the J. 320.527 will 

but 67, per Quarter, 

at the Rate of 24. per Ann. 

Whereas by the g̃th Queſtion 

© r that Sum will pur- 

: $05 20 if payable 

| gp So chat there is J. 1 

un. 


pur- 
1.786 = the Amount, 


''' Zhidept: | 
1 1.05 the Ratio, its . 00211 893 
A Ath of that Lag. w* 
is the Log. of 1.012 FIN 
the Rate per Quarter. 


Which Log. multip. by Gt 
the Quarters in 21 K* * * 55 


Amount of J. 1 for 84f 
Quarters, VIZ. 


And that produceth the ? Lo 
Log. of 2.786 = en, 


To which Lay. add that 


of 012 = Rate per 2.091812 
Quarter, leſs 1 55 
Sun 26241626 


leſs 1, its Log. dedut᷑t 
Reſts the Lag. of. o1872 
= the Annuity that J. : 
will 88 payable 
quarterly, viz 
To which Log. add that 
of 1.320.527 the Pur- on 5058762 


0.251 $81 5 


2.27228 13 


chaſe Money, which is 


And the Sum is the Log. 


of J. 6, the ere $07 778173 
payment required 


difference in that Purchaſe between receiving the Rent quar- 


try and yearly, the Purchaſer having the Uſe of the Quarters 


Queſt. 


. Compound Intereſt by Logarithms. ' 
8. What'is the preſent Worth o N per Ann. 


Crar. VII. 
en by agen 


Quarterly Payments, to continue 21 


Rule.] Firſt find the A- 


mount of J. 1 for 84 Quarters, : 


as above. | 
2dly, To that Log. add the 


Log. of the Rate per Quarter 


(found as above) leſs 1. 


3aly, Deduct that Sum from 


the Log. of the Amount leſs 1, 
and the Remainer is the Log. 
of the preſent Worth of J. 1 


per Quarter, to continue 84 


Uarters. 


4thly, To chat Log. add that 


of 1.6 per Quarter, (as the 4th 

of 24 per 

is the Log. of the preſent 

Worth of the Annuity given, 
yable quarterly. 

9 This proves the truth of the 


Wt Ie REES! 


as above) its Log. — 


un.) and the Sum 


Ki 10 4 Example. | 1 
ate per Quarter found 1 240. 
as a TEE 4.012 
2.786=the Amount of D 305 
. 1 for 84 Qrs. (found 449816 


012 = the Rate per 
* leſs 1, its 20791812 
Add 
of thoſe 2 Logs. 


2.5241 628 


1.786 = the Amount; 


above, leſs 1, deduct 1 
its Logarithm | 
Reſts te Log. fl 53.425 $1 5 
= preſent Worth ow 17277167 


J. 1 per Quarter, to 
1 


61. per Quarter (as per 


= 2 given) 77876575 
100 And the Sum is the 
of 320-527 — . 


Oueſt. 9 In an Account of 


— 


ene. 


| Coolequence tis found that 


J. 5684. 409 is the Amount of 
10 l Compound Intereſt at 8 


per Cent. what Time was re- 
quired for that Increaſe? 

Rule.) From the Log. of the 
Amount dedu& that of the 
Principal put out. 

2dly, Divide the remaining 
by the Lag. of the Ratio, 
the Quotient is the Years 
— e the Operation. 


'1. $684.409 its Log, — — 2750690 


10.4 t the Principal *ity ts Log. 
ut — — — 


_—_— 


3 


rl Log. 021 1893 5 275 . 


2 Gam cots) 


So the Anſwer is 


635670 
130 Years. 


Weſt. 


Sgr. V. Compound Intereſt by Logarithms. 277 
eſt. 10. In a certain Account J. 5684.409 is charged as the A- 
23 10 J. in 130 Years Compound Intereſt: But upon a Trial 
the Simple Intereſt being only allowed according to the Rate agreed 
on, whence the ſaid Amount is computed ;” now it not appearing 
by any Bond, or Entry, what Rate or Intereſt was reckoned, the 
Queſtion is how that may be found out? | WS) 
Rule.) From the Log. of "= 
the Amount deduct that of | Example. 170 
2dly, Divide chat remain- its Log. 3.754609 
ing Log. by the Number of 10 = the Principal, 
Years, and the Quote is the deduct its Log, — f ** | 
Log. of J. 1 and its Intereſt Divide by 130) reſts — 2.7546 
for a Year, Therefore fay, "IRS the Log. of } _ . - ; 
3dly, As J. ris to l. 1 and its 1. og, which is — f 211893 
Intereſt found:: So is 100 to Therefore 88 20 
100 and its Intereſt. Whence As 1. 1. o : : 100. 103 
taking 100, the reſt muſt be And 105 leſs 100 = 5 the Intereſt 
the Rate of Intereſt required. required per Cent. 


— — 
— — 


— 


2vep. 11, A Gentleman, bought a Leaſe of I. 25 per Ann. to con- 
tinue 21 Years for J. 320.527: At what Rate was Intereſt allowed 
him per Cent ? 4 3 1 a ; 
To do this by the Logarichms, take the Log. o | 
1 320.527, which is —— Hs 2.5058762 
$3 2 2 the Log, of as N giv : 25,439 79400 


And the Remainer is the Log. of 12.821 (or the pre- e 
ſent Worth of J. 1 per Ann. to continue 21 Tears; 1. 1079362 
which note. — \ 

No to find what Intereſt this is reckon'd at, I make 

trial (as per Queſt. 4.) and find at 6 per Cent. that the pre- 

ſent Worth of J. 1 per Ann. to continue 21 Years is 11.764: 

which being leſs than the 12.821 (the preſent Worth of 

J. 1 per Ann. as above) I know that 6 per Cent. is too much, 

(for the more the preſent Worth is, the leſs is the Rate of 

Intereſt, and the contrary.) 

| Therefore I make trial at 4 per Cent. and (by the Rules 

under the 4th Queſtion) I find the preſent Worth of J. 1, 


. 18 ? 


— 


en 
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per Ann. at 4 per Cent. is (to continue 21 Years) 14.031 : 
which being more than the above 12.821, I know chat 
4 Per Cent. is too little. So that it neither being at 6 — 
4, but finding the Rate to lie between them, 1 f 
it G Cent. And trying by the Rules under the ſai * | 

ion I find the ra the preſent Worth of J. 1 per 

= to continue 21 Years is chat of 12.821, the ſame as 
above, viz. 1.1079362 


And conſequently I know that 5 per Cent. is the Rate fought. 


Or thus to find the Rate: 
Having found the preſent Werth at 4 and 6 per Cent. as move, 
proceed thus. 
1. Take the Difference 8 the Years Purchaſe 
given (or found by the Logarithms) which Years Pur- > 12.821 
chaſe as above are 
And the Years Purchaſe at 4 per Cent. found — 14.031 


Which Difference is ——— = 1,210 
2. The Years Purchaſe at 4 per Cent. are found = 14.031 
| Ditto at 6 per Cent. as above are = 11.764 - 


2d Difference = 2.267 
3. Say 2.267. I.210::2.1 


i. e. As the ad Difference is to the firſt: ſo is 2 the Difference be- 
tween the Rates per Cent. (ſuppoſed) as before, to 1 = the Propor- 
tion'to be added to the jeder Rate 4 to give the Rate ſought for: 
an which caſe the 1ft place in the 4th Proportional is ſufficient, 
where (o) is next the Poi int in the — if the Diviſion were 
carry'd on farther, 


Queſt. 12. What is the preſent Value of of the Reverfion of an Annuity 
" 2 50 per Ann. to continue 21 Years, to commence after 
- A PP Years, at 5 per Cent. per Ann. allowed to the 

urch 


Rule.) Firſt add the Years (the 7.10 the 21) make 28. 
2aly, Find the preſent Worth of the Annuity to) 
continue 28 Years by the 4th Queſtion, which 
you'll find — — 
3d)» Find the preſent Worth of the l. go per Ann. | 
(by the Rules under the ſaid 4th Queſt.) to con- J. 283: 6:00 
4iÞly, 


$745 : 00:00 


Srer. V. | Compound Tatereſt by Lognithme« 27 
Aby, Deduct the later from the former, and the) 
Remainer is the preſent Worth of the Reverfion re- Sl. 461: 14: 0 
quired X — — x 
Example ibe ad ſhall be to find the Values of the Reverſions [of 
church or College Leaſes of Houſes; or the Fines payable for any 
Number of Years lapſed: As ſuppoſe 17 Years lagfes of 40, what 
Fine muſt be paid to make up the Leaſe again 40 Years : ſuppoſing 
the clear annual Rent 40 Pounds. | 
Rule.) Since this is the ſame thing as to find the Value of the Re- 
verſion:of 17. Years after the Expiration of 23 in ; and che Rate 
of Intereſt in theſe Caſes is 1.116: Þ Ws 
1/t, Therefore find the preſent Worth of J. 40 per Ann. to con- 
tinue 40 Years by the Rules above and as follows. 
2dly, From that deduct the preſent Worth of J. 40 per Ann. to 
continue 23 Years, and the Remainer is the Fine or Value of the 
Reverſion: See the whole Operation as follows. W 
| 1.116 the Rate, its Logarithm = 0.0476642 
The Amount of J. 1 in 40 Years or 80.64; its Log. 1. 9065680 
. 116 the Rate leſs 1, add its Log. = 1.0644580 
| Sum of the 2 laſt 0.97 10260 
Which deduct from the Log. of the Amount 24 23 vg 


multiply by Years —— — 


- eſs 1= 79.64; its Log, — — f 190735 
And the Remainer is the Log. of the preſent e 
Worth of J. 1 per Ann. to continue 40 Years (- 9.930 1053 


To which add the Log. of the Annuity J. 40 = 1. 6020600 


The Sum is the Log, of 340.5 the preſent Worth) 127 
of 1. 40 per Ann. to continue 40 Years — p 2.3321 655 
2dly for the preſent Worth of J. 40 to continue 23 Fears. 

| 1.116 the Rate or Ratio, its Log. = o. 0476642 
multiply by Years — — — 23 


The Amount of /. 1 in 23 Years 12.48 its Log. = 1.096266 
116 the Ratio leſs 1 add its Log. = 1.0644586 

Sum of the 2 laſt —— ————— 0.1607346 

Which deduct from the Amount leſs 1, } _ i 

VIZ, 11.48, its Log, — — 75 1.0599419 

The Remainer is the Log. of the preſent 1 
Worth of 4 1 to continue 23 Years = \ © 0.8992073 

To which add the Log. of the Annuity 40 = 1,6020600 
And 
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And the Sum is the Log. of the preſent Worth 3 | el 

of. 40 per Ann. to continue 23 Years, ——— 5 73 
Viz. of 317. 1, which deducted from the above 
I. 940.5, the Remainer 1s 1.23 8: o the Fine required. 1 


Tg. When it is required to purchaſe an Eſtate either in Fes or for Tears 

mentioned, with Money due at any time to come : as ſuppoſe I would pur- 

chaſe an Annuity to continue 14 Years, with J. 1000 due to me at the 

end of 5 Years; the Annuity to commence preſently at 5 per Cent. 

© Rule.] Firſt, by the 2d 8 find the preſent 12. 10 

Worth of l. 1000 duè᷑ at the End of 3 Years, which is 783: 10 0 
2dly, By the 5th Queſtion find what Annuity 55 - | 


continue 14 Years J 783, : 10 will purchaſe z which >/.79:2prr An. 


for Anſwer you'll find at 5 per Cent. — 14 Years. 
T need not tell the Reader, that in caſe the Pur- h 

chaſe had been required in Fee, to divide the preſent 

Worth of l. 1000 = I. 783.5 by the Number of Tears 

Purchaſe agreed on; as at 20 it will be —— 1. 39:3:6 


n per Ann. for ever. 
© 14. ben jou would Fine off Rent : As ſuppoſe a Leaſe is l. go per 
Ann. and the Tenant is willing to Fine off l. 40 per Ann. for his Leaſe 
of 23. Years at 5 per Cent. in this Caſe there is nothing to be done but 
by the 4th Queſt. find the — Worth of /. 40 per Ann. to continue 
al Years; which preſent Worth J. 512: 16: 11 muſt be given the 
Landlord as a Fine, and /. go per Ann. muſt be paid Annual Rent. 


ON the concrary}- rr: x 130 #119 
Ag. When yon would Rent off @ Fine: As ſuppoſe a Leaſe for 21 
Years is to be let at J. 30 per Ann. with a Fine of J. 512.846; but 
the Leaſee not having ſo much ready Money to ſpare, he is willin 
to Pay an RENEE Rent, and no Fine. To anſwer this, you n 
only to conſider by the Rules under the 5th Queſtion, what An- 
nuity to continue 21 Years at 5 per Cent. the ſaid Fine = 1.512.846 
will purchaſe; which you'll find J. 40 per Ann. which added to the 
J. go, ſhews that he muſt pay J. 90 per Ann. if he pays no Fine. 
Theſe 15 Queſtions and Proportions contain the Fundamental 
Rules for ſolving all Queſtions of Compound Intereſt whatever ; 
and whoſoever-doth thoroughly underſtand them, may be able to 
ive a true Anſwer to any Queſtion relating toSelling or Purchaſin 
ſtates, &:. without the help of Tables for that purpoſe; brovided 
he has well learnt the Logarithms, | | 
The End Logarithmical Arithmetic, and its Uſe. 
. 4 | = A TABLE 


bs; A B L E 


OF THE 


LOGARITHMS 


G K 


NUMBERS. 


Not exceeding 10000, or 4 Places, whether 
they be Intire, Dt or Sin N umbers. 


And the Differences of Logarithms, and the 
Parts proportional, whereby the Logarithm of any 
Number is produced to 100000, 


Particularly uſeful in Extracting the Square, 
Cube, &c. Roots, and ſolving = Fo in Com- 
pound Intereſt, Oc. — 


©000000 
3910300 
4771212 
6020600 
6989709 | 
7781512 
8450980 
9930909 
9542425 
09000000 
0043214 
©0286002 
0128372 
0170333 
0211893 
©253059 
0293838 
0334237 
0374265 
0413927 
0453230 
1] 0492180 
0530784 
0569048 


0544580 
0681859 
| 0718820 
0753470 
9791912 
0827854 
0862598 
G899051I 
0934217 
og Ic 
1003705 
1938037 
1072100 
1105897 
1139433 
1172713 
1205739 
1238516 
1271048 


| 


4 26c6978] 


Artificial Numbers: Or, 


FLY 


| 0413927 
3222193 
4913617 
6127838 
7075702. 
7853298 
8512583 
9084850 
9599414 
0004341 
CO47511T, 
0090257 
0132587 
0174507 
0216027 
9257154 
0297895 - 
0338257 
0378247 
0417873 
0437149, 
0496056 


0534626 


0572856 
0610753 
0648322 
0585569 


0722499 


0759118 


0795430 
831441 


0867157 
0902580 
0937718 
0972573 
1007151 
1041455 
1075491 
1109262 
1142773 
1176027 
1209028 
1241780 


2 


2 


0791812 
3424227 
5051500 
6232493 
7160033 
7923917 
8573325 
9138138 
9637878 
0008677 
0051805 
09945c9 
0136794 
0178677 
0220157 
0261245 
0301948, 
0342273 


0382226 


0421816 
0451048 
0499928 
0538464 
0576661 
614525 
0552061 
0689276 
0726175) 
0762762 
079904 5: 
0835026. 


| 0870712 


©906107 
0941216 
0976043 
1010593 
1044871 
1078880 
1112625 
1146110 
1179338 
1212314 
1245042 


n 

1139433 
3617278 
5185139 
6334684 
7242759 


8633229 
9190781 
9684829 
0013009 
0055094 
0098756 
0141003 
0182843 
0224284 
0265333 
0305997 
0346290 
0385202 
0425755 
0464952 


0580462 
0618293 
0655797 


0766404 
802656 
0838608 
0874264 
0909631 
0944711 
0979511 
1014033 
1048284 
1082266 
1115985 
1149444 
1182647 
1215598 
1248301 


799340 


0503797 
0542299 


0692980 | 
0729847 


** 


1280760 


4 
1461280 
3802112 
5314789 
6434527 
7323937 
8261800 
8692317 
9242793 
9731278 
0017337 
0060379 
0102999 
0145205 
0187005 
0228406 
0269416 
0310043 
0250293 
0390173 
0429691 
0468852 
0507663 
054.6130 
0584260 
0622058 | 
C659530 
0696681 
0733517 
0770043 
0806 265- 
0842187 
0877814 
0913151 
09482C4. 
0982975 
1017471 
1051694 
10856 50 
1119343 
1152776 
1185954 
121 8880 
1251558 
1283993 


1274288 


1277525 


| 


Of 
Cy * 


1760912 
2970 
54406807 
16532125 
7403627 


8129133 


8750813 


9294189 


9777236 


0021661 
0064660 
0127239 
0149403 
0191163 
0232524 
0273496 
0314085 


| 2354297 
| 0392141 


0433623 
0472749 


0511525 


0549958 
0588055 
0625820 


0663259 


0700379 
0737183 
0773679 
oc 9870 
845763 
0881361 
O91 6669 
0951693 
0986437 
1020905 


1055102 


1089031 
1122698 


1156105 


1189257 


11222159 


1254813 


11287223 


5563025 


7481880 
8195439 
8808136 
9344984 
9822712 
0025980 
0068937 
0111473 
0153597 
0195317 
236639 
0277572 
0318123 
0258298 
02398105 
0437551 
0476642 
0515384 
05537603 
0591846 
0629578 
0666985 
0704073 
0740847 
0777312 
| 081 3473 
0849336 
o884905 
0920185 
955180 
0989896 
1024.337 
1058506 
1092410 
1126050 
1159432 
1192559 
1225435 
1258064 


1290450 


4149733 
6627778 


b 


9295192 
98677 17 
0030295 
0C73209 
O11 5704 
0157787 
0199467 
2240750 
0281444 
0322157 
0362295 
0402066 
0441475 
0480532 
0519239 
0557605 


05956 34 


8633334 
0670708 
0707765 
0744507 
078094 1 
0817073 
085 2906 
0888446 
0923696 
©958664. 
0993353 
1027766 
1061909 
1095785 
1129400 
1162756 


1195858 


1228709 
126131 


129367 


8920946 


9444527 
9912261 


| 0034605 
0077478 


0119931 
0161973 
0203613 
c244857 
0285712 


0366289 
o4c6023 
0445398 
c484418 
0523091 
0561423 
0599419 
0627085 


0674428 


0711453 
0748164 


0784568 , 


0820669 
0856473 
0891984 
0927206 
0962146 
os dc 
1031192 


1065308 


1099159 
1132746 


1166077 


1199154 
1231981 
1264 561 
1296890 


£ 


2 
2 


* 


1.94 


2787536 
4623980 


5910646 
6901961 


7798520 
8388491 
8976271 
9493900 
2956352 
0038912 


| 0031742 
0124154 


0166155 
0207755 


| 0248960 
| 0289777 
0326188 


0330214 
0370279 
0409977 
0449315 
0488301 
0526939 


0565227 


0603200 
0642824 
0678145 
0715138 
0751818 
0788192 
0824263 
0860037 
0895519 
0930712 
0965624 
1000257 
1034616 
1068705 
1102529 
1136091 
1169296 
1202448 
1235250 
1 269806 
1300110 


85 2 


Natural 
Numbers. 


135 
1335389 
1367206. 


136 
137 
138 


L445 


1303338 


1398791 
1430148 
1461280 
1492191 
I522883 
1553360 
1583625 
1613680 
1643528 
1673173 
1702617 
1731863 
1760912 
1789769 
1818436 
1845941 
1875207 
1903317 
1931246 
1958996 
1986571 
2013971 
2041200 
2068259 
2095150 


2121876 


2148438 
2174839 
2201081 
2227165 
2253093 
2278867 
2304489 
2329961 
2355284 
2380461 
2405492 
2430380 
2455127 
2479733 


BY 
1306553 
1338581 
1370374 
1401937 
1433271 
1464381 
1495270 
1525941 
1556396 
1586640 
1616674 
1646502 
1676127 
1705550 
1734776 
1763807 
1792645 
1821292 
1849752 
1878026 
1906118 
1934029 
1961762 
1989319 
2016702 
2043913 
2070955 
2097830 
2124540 
2151086 
2177471 
2202696 
2229764 
2259677 
2281436 
2307043 
2332500 
2357809 
2382971 
2407988 
2432861 


2457593 
2482186 


[2506639 


Numbers: Or, 


2 " 
1309767 
1341771 | 
1373541 
1405080 
1436392 
1457480 | 
1498347 
1528996 
1559430 
1589653 
1619666 
1649474 
1679878 
1708482 
1737688. 
1766699 
1795518 
1824146 
1852588 
1880844 
1908917 
1936810 
1964525 
1992065 
2019431 
2046625 
2073650 
2100508 
2127201 
2153732 
2180100 
2206310 
2232363 
2258260 
2284003 
2309596 
2335038 
2360331 
2385479 
2410481 
2435341 
2460059 
2484637 


.. 


2511513 | 


3 
1312978 
1344958: 
1376705 
1408222 
1439511 
1470577 

1501422 

1532049 

1562462 

1592663 

1622656 
1652443 
1682027 
1711411 
1740598 
1769590 
1798389 
1826999 
1855421 
1883659 
1911714 
1939590 
1967287 
1994809 
2022158 
2049335 
2076344 
2103185 
2129862 
2156376 
2182727 
2208922 
2234959 
2280841 
2286570 
2312146 
2337574 
2362853 
2387986 
2412974 
2437819 
2462523 
2487085 


ö 


— 


131618 


1348144 
1379867 
«434454 


1442628 | 


1473671 
1504494 
1535100 
1565491 
1595672 
1625644. 
1655411 
1684975 
1714339 


1743506 | 


1772478 


1801259 | 


1829850 
1858253 
1886472 
1914510 
1942367 
1970047 
1997552 


2024883 


2052044 
2079035 


2132521 
2159018 
2185355 
2211533 
2237554 
2262421 
2289134 
2314696 
2340108 
2365373 
2390491 
2415465 
2440296 
2464986 
2489535 


2105860 


2513948 


„ 


2504200 | 


—_ 


Natural 
umbers. 


135 


136 q 
137 
138 


139 
140 
141 
142 


143 


144 
145 
146 


147 


148 
.149 
- 150 
151 
152 
153 
154 
155 


156 


157 
15 

159 
160 
161 
162 
163 
164 


165 


166 
167 
168 


169 


170 
171 
172 
173 
174 
175 
176 


75177 


178 


A 


1351326 


1383027 


1414498 
1445742 
1476763 
1507564 
1538149 
1568519 
1598678 
1628630 
1658376 
1687920 


1717264 
1746412 


1775365 
1804125 
1832698 
1861084 
1889285 
1917304 
1945143 
1972806 
2000293 
2027607 
2054750 
2081725 
2108534 
2135178 
2161659 
2187980 
2214142 
2240148 
2265999 
2291697 
2317244 
2342641 
2367891 
2392995 
2417954 
2442771 
2467447 
2491984 


2516382 


1319393 


1322597. 


1354507 
1386184 
1417632 
1448854 
1479853 
1510632 
1541195 
1571544 
1601683 
1631614 
1661340 
1690863 
1720188 
1749316 
1778250 
1806992 
1835545 
1863912 
1892095 
1920096 
1947917 
1975562 
2003032 
2030329 
2957455 
2084413 
2111203 
2137833 
2164298 
2190603 
2216750 
2242740 
2268576 
2294258 
2319790 
2345173 
2370408 
2393497 
2420442 
2445245 
2469907 
2494430 


2518814 


Tugarithms (to 1 
6 


7 


1325798 
1357685 
1389339 
1420765 
1451964 
1482941 
1513698 
1544249 
1574568 
1604685 
1634595 
1664301 
1693805 
1723110 
1752218 
1781132 
1809856 
1838390 
1866739 
1894903 
1922886 
1950690 
1978317 
2005769 
2033049 
2060159 
2087100 
2113876 


2140487 


2166936 
2193225 
2219356 
2245331 
2271151 
2296818 
2322335 
2347703 
2372923 
2397998 
2422929 
2447718 
2472365 
2496874 


) 


{8 - 
1328998 
1360861 
1292492 
1423895 


"1455072 


1486026 
1516762 
1547282 
1577589 
1607686 
1637575 
1667260 
1696744 
1726029 
1755118 
1784013 
1812718 
1841233 
1869563 
1897709 
1925674 
1953460 
1981070 
2008505 
2035768 
2062869 
2089785 
2116544 
2143139 


2169572 


2195845 


2221960 


2247920 
2273724 
2299377 
2324879 
2350232 
2375437 
24c0498 
2425414 
2450189 
2474823 


2499317 
2521246 | 2523675 | 2526103 


9 


1332194 
1364034 
1395642 
1427022 
1458177 
1489110 
1519824 
1550322 
1580608 
1610684 
1640553 
1670218 
1699682 
1728947 
1758016 
1786892 
1815578 
1844075 
1872386 
1900514 
1928461 
1956229 
1983821 
2011229 
2038485 
2065560 
2092468 
2119211 
2145789 
2172206 
2198464 
2224563 
2250507 
2276296 
2301934 
2327421 
2352759 
2377950 
2402996 
2427898 
2452658 
2477278 
2501759 


— 


Natural 
| N — 2 


179 
180 
181 
N 182 
183 
184 
185 
186 
187 
188 
189 
190 


2900346 
2922561 


12966652 


3031961 
| 3953514 


' | 3180633 


| 3304138 
| 3324385 


O 


25287530 
2552725 
25760786 
2600714 
2624511 
2648178 
2671717 
2695129 
2718416 
2741578 
2764618 
2787536 
2810334 
2833012 
2855573 
2878017 


2944662 


2988531 
3010300 


3074960 
3096302 
3117539 
3138672 
3159703 


3201463 
3222193 
3242825 
3263359 
3283796 


13344537 


3364597 
3384565 


| 3404441 
' 3424227 
2443923 


222 3463530 


2530956 
2555137 
2579184 
2603099 
2526883 
2650528 
2674064 
2697464 
2720738 
2743888 
2766915 
2789821 
2812607 
2835274 
2857823 
2880255 
2902573 
2924776 
2946866 
2968845 
2990713 
312471 
' 2034121 
| 3055663 
3077099 
30984 30 
3119657 
3140780 
2161801 
3182721 
3203540 
3224260 
3244882 
3265407 
3285834 
3306167 
3226404 
3246548 
3366598 
3386557 
3406424 
23426200 
34478870 


2 


| 
2533380 
2557548 
2581582 
2605484 
2629255 
2652896 
2676410 
2599797 
2723058 
2746196 | 
2769211 
2792105 
2814879 
2837534 
2860071 
2882492 
2904798 
2926990 
294.9069 
2971936 
2992893 
3014641 
3036280 
3057811 
3079237 
3100557 
3121774 
3142887 
3163897 
3184807 
3205617 
3226327 
3246939 
3267454 
3287872 
3308195 
3328423 
3348557 
3368598 
2388547 
3408405 


3465486 


; 


1 
253580 
2559957 
2583978 
2607867 
2631625 
2655253 
2678752 
2702128 


2748503 
2771 506 
2794.388 
2817150 
2839793 
2862318 
2884728 
2907022 
2929203 
2951271 
2973227 
| 2995073 
3016809 
3038438 


3059959 


3081374 


3102684 


3123889 
3144992 
3165993 
3186893 
3207692 
3228393 
3248995 
3269500 
3239909 
3310222 
3330440 
3350565 
3370597 
3390537 
3410386 


0145 
3428173343 | 
144709 3449814 


3467441 | 3469395 


2725378 


4 
2538224 
2562365 
25863734 
2610248 
2633993 
2657699 
2681097 
2794459 
2727596 
2750809 
2773800 
2796669 
2819419 
28420511 
2864565 
2886 963 
2909246 
2931415 
2953471 
2975417 
2997251 
3018977 
| 2040595 
3062105 
3083509 
3104809 
3126004 
3142097 
3168087 
3188977 
3209767 
3230457 
3251050 
3271545 
291944 
3312248 
3332457 
3352572 
3372595 
3392526 
3412366 
3432116 
3451776 


| 


3471348 


| Logarithms (to 2229.) 
6 | 
2543063 


2567177 
2591158 


1 
2550312 
2574386 
25990327 


ME 


2540645 
2564772 
2588765 


2547897 
2571984 
2595939 


7 
254548! 
2599581 
2593549 


—— 


3021144 


2612629 
2636361 
2659964 | 
2683439 | 
2796788 
2730013 
2753113 
2776092 | 
2798950 
2821688 
2844307 
2866810 
2889195 
2911468 
2933926 
2955671 
2977605 
2999420 


3042751 

3004250 
308 5644 
3105933 

3128118 

3149200 
3170181 
3191061 

3211840 
3232521 

3253104 
3273589 
3293979 
3314273 
3334473 
3354579 
3374593 
3394514 
3414345 
3434086 
3453737 


3473300 


26 15008 
2638727 
2652317 
2685780 
2729116 
2732328 
2755417 
2778383 
2801229 
2823955 
2846563 
2809054. 


2891 | 
2913088 


2935835 
2957859 
2979792 | 
3001605 
3023309 
3044905 
3006 394 
3087778 
3109056 
3130231 
3151303 


3172273 


3193143 
3213913 
3234584 
3255157 
3275633 
3296012 
3316297 
3336488 
3356585 
3376589 
3396501 
3416323 
3436055 


3455698 


2617385 
254092 
2654569 
2688119 
2711443 
2734643 
2757719 
2782673 
2803 507 
2826221 
2848817 
2871299 ; 
2893659 
291 5998 
2938044 
299006 7 
2981979 
3003781 

3025474 
3047259 
3068537 
3089910 
3111178 

3132343 

3153405 

3174365 
3195224 
3215984 
3236645 
3257209 
3277675 
3298045 

3318320 
3338501 
3358589 
3378584 
3398488 
2418201 

3438023 
3457657 


r 


q 


WY" CIO "I 


2619762: 
2643455 
2667020 
26994 57 
2713769 
2736956; 
2760020 : 


2782952 


2805784 
2828486 
285 10970 
2873538 
2895889 
2918127 
2940251 
2962253 
2984164 
3005955 
3027637 
3049212 
3070679 
3092042 
3113299 
3124454 
3155503 
3176455 
3197305 
3218055 
3238706 
3259260 
3279716 
3300077 
3320343 
3340514 
3360593 
3380579 
3400473 
3420277 
3439991 
3459615 


3475252 


| 3477202 


2479152 


2716093 
2739268 


26227137 
2645817 
2669369 
2692794 


2792320 


2785250 


2808059 
2830750 
2853222 
2875778 
2898118 
2920344 
2942457 
2964458 
2986348 
3008128 
3029799 
3051363 
3072820 
3094 172 
3115420 
3136563 
3157605 
3178545 
2199384 
3220124 
3240766 
3261310 
3281757 
3302108 
3322364 
3 342526 
3362596 
3382572 
3402458 
3427252 
3441957 
3461573 
3481101 


* * 


3483049 


3502480 
3521825 


3541084 
3560359 


3579348 
3598355 
3617278 
3636120 


3747483 


3765769 
3783979 


3802112 


3856063 
3873898 
3891661 
3909351 


3944517 
3961993 


4014005 
4031205 


409933 
4116197 
4132998 


4183013 
4199557 


4248816 


3654880 
3673559 
3692159 
3710679 
3729120 


3820170 
3838154 


3926969 


3979400 
3996737 


4048337 
4065402 
4082400 


4149733 
4166405 


4216039 
4232459 


Ariſcial 
3484996 


3504419 


3523755 
3543006 
3562171 
3581253 
3600251 
3619166 
3638000 
3656751 


3675423 


3694014 
3712526 
3730960 
3749315 
3767594 
3785796 


| 


3803922- 


3821972 
3839948 
3857850 
3875678 
3893433 
3911116 
3928727 
2946268 
3963734 


3981137 


3998467 
4015728 
4032921 
4050047 
4067105 
4084096 
4101021 
4117880 
4134674 
4131404 
4168069 
4184679 
4201208 
4217684 
4234097 
4250449 


Numbers: Or, 
2 


3486942 
3506356 
3525684. 
3544926 
356493? 
3583156 
3602145 
3621053 
3639878 


3658622 


3677285 
3695869 
3714373 
3732799 
3751147 
3769418 
3787612 
3805730 
3823773 


384741 


3859636 
3877457 
3895205 
3912880 
3930485 
3948018 
3965480 
3982873 
40001 96 
4017451 


4034637 


4051755 
4068807 
4085791 
4102710 
4119562 
4136350 
4153073 
4169732 
4186327 
4202859 
4219328 
4235735 
4252080 


3 
348888 

3508 293 
3527612 
3546845 
3565994 
3585059 
3604040 


3622929 


3841756 
3666492 
3679147 
3697723 
3716219 
3734637 
3752977 
3771240 
3789427 
3807538 
3825573 
3843524 
3851421 
3879235 
3890975 
3914644 
3932241 
3949767 
3967223 
3984608 
4001925 
4019172 
4036352 
4052464 
4070508 
4087486 
4104398 
4121244 
4138025 
4154742 
4171394 


4187983 


4204509 
4220972 
4237372 
4253712 


* 


; 


3 
3490832 
3510228 


356790 5 


3589 


3605934 
2624825 
3643633 
3662361 


3681008 


3699576 
3718065 
3736475 
3754807 
3773062 
3791241 
380934 5 
3827373 
384.5326 
3863206 
3881012 
3898746 
3916407 


3933997 


3951516 
3968964 
3986343 
4003653 
4020893 
4038066 
4055171 
4072209 
4089180 
4106c85 
4122925 
4139700 
4156410 
4173056 
4189638 
4256158 
4222614 
4239009 


4255342 


: 


3529539 
3548764 


— 


— 


— 


— 


* 


r 


3492775 


3512163 


3531465 


3550682 


3569813 
3588862 


3607827 


3626709 


3664.230 
3682869 
3701428 
3719909 
3738311 
3756636 
3774884 
3793055 


3829171 
3847117 
3864990 
3882789 
3900515 
3918169 
3935752 
3953264 
3970705 
3988077 
| 4005380 
4022614 
4939780 
4056878 
4073909 
4098/4 
4107772 
4124605 
4141374 
4158077 
4174717 
4191293 
4207806 
4224237 
4240645 


3645510 


3811151 


6 


3404718 
3514998 
3533391 
3552599 
3571723 
3590762 
3609719 
3628593 
3647386 
3666097 
3684728 
3703280 
3721753 
3740147 
3758464 
3776704 
3794868 
3812956 
3830969 
3848908 
3866773 
3884565 
3992284 
391 9931 
3937506 
3955011 
3972446 
3989811 
4907106 
4024333 
4041492 
4058584 
40756c8 
4092567 
4109459 
4126285 
4143047 
4190744 
4175377 
4192947 
4 2094 34 


4225898 | 


3535316 
3554515 
3573630 
3592662 
3611610 
36 30476 
3649260 


3686587 
3705131 
3723596 
3741983 
3760292 
3778524 
3796689 
3814761 
3832766 
3850698 


3868555 


3886340 
3904052 
3921691 
3939260 
3956758 
3974185 
3991543 
4008832 
4026052 
4043205 
4660289 
4077397 
4094259 
4111144 
4127964 
4144719 
4161410 
4178037 
4194601 
4211101 


3667964 


| 3498601 


3517963 
3537239 
3556430 
3575537. 
3594560 
3613500 
3632358 
3651134 
3669830 
3688445 
3706981 
3725438 


3743817 


3762118 
3780343 
3798492 
3816565 
3834563 
3852487 
3870337 
3888114 
3905819 
3923452 
3941013 
3958504 
3975924 
3993275 
4010557 
4027771 
4044916 
4061 994. 
4079005 
4095950 
4112829 
4129643 
4146391 
4163076 
4179696 
4196254 
4212748 
4.229180 
4245550 
4261858 


9. | 
{3500541 
3519895 
3539162 


3558345 | 


3577443 
3596458 
3615390 
3634239 
36 53007 
3671695 
3690302 
3708830 
3727279 
374565! 
3763944 
3782161 
3800302 
3818368 
3836359 
3854275 
3872118 
3889888 | 
3907585 
3925211 
3942765 

3960249 
3977662 
3995007 |' 
401 2282 
4029488 
4946627 
4063698 
4080703 
4097641 
4114513 
4131320 
4148063 
4164741 


4181355 


4197906 
4214394 
4230820 


4247183 


4256972 


4263486 


O 


4265113 


4281348 
4297323 
4313638 
4329693 
4345689 
4361626 
4377596 
4393327 


4440448 
4456042 
4471580 


4517864 
4533183 
4548449 
4563560 
4578819 
4593925 
4608978 


4638930 | 
4653828 | 
4668676 
4683473 
4698220 
4712917 


4727564 


4742163 
4756712 
4771212 
4785665 
4800069 


4487963 | 
1 4502491 


4623980 | 


| 4409091 | 4 
| 4424798 


th. 


4814426 
4828736 


| We. 
4266739 


4299137 
4315246 
4331295 
4347285 
4363217 
4379090 
4394906 
410664 
4426365 
4442010 
7705 

731 
1 38608 
4504031 
4519399 
4534712 
4549972 
4565179 
4590332 
[4595433 
| 4610481 
4625477 
4640422 
4655316 
4970158 
4 684950 
4699692 
4714384 
4729927 
4743620 
4758164 
4772660 
4787108 
4801507 
4815859 
| 4830164 | 
4844422 
4858633 
4872798 


| 4886917 [| 


| 4900990 


14915018 


4282968 


Artificial (Numbers: Or, 


4A 
4268365 


4284588 


1300751 


4316853 
4322897 


4349881 
4364807 


4380674 


4396484 
4412237 


4427932; 


4443571 
4459154 


447468 1 


4490153 


4505570 


452093 2 


4736241 
4551495 
4566696- 


4581844 


4596940 
4611983 


4626974 


4641914 
4655802 
4671640 
4686427 
4701163 
4715850 
4730488 | 
4745076 
4759616 
4774107 
47885 5⁰ 


4802945 


1 


4817292 
4831592 
4845845 
4.860052 


4874212 


4.888326 
4902395 


4916418 


3 

4269990 
4286207 
4392364 
4.318460 


4334498 


4350476 


| 4413809 
4429409 
4445132 
4450709 
4476231 
4491697 
4507109 


4522466 


4537769 
4553018 
4568213 


4583356 


4598446 


4613484 
4628470 
4643405 
4658288 
4673120 
4687903 
4702634 
4717317 
4731949 
4746533 
476 1067 
4775553 
4789991 
4804381 


4833019 
4847268 
4861470 
4875626 
4889735 
4903799 


4917818 


4.366396 
4382258 
| 4398062 


4818724 


4287825 
4303976 
"4320067 
4.336098 
| 4352071 
4367985 
4383841 
4399639 
4415380 
4431065 
4446692 
4462264. 
4477780 
| 4493241 
4508647 
4523998 
4539296 
4554540 
4569731 
4584868 


4614985 
4629966 
4644895 
4659774 


4689378 
4704105 
4718782 
4733410 
4747988 
4762518 
4776999 
4791432 
4505818 
4820156 
4834446 
4848690 


4877039 
4891144 


4271614 E 


4399953] 


4674601 | 


4862888 | 


4905203 | 


4919217 | 


"I, 


K Mo 
\S 
Oo 


9 9 
O 
0 


Natural 
umbers. 
pron 

4305588 


9. 44321673, 
44337698 


by 


4 


5 4 | 
4273238 
4289443 


4353665 
4369573 


4385423 


hs me 216 
44.16951 


| 4432630. 


4448252 
4453818 
4479329 
4494784 
4510184 
4525531 
4540823 
4556061 
4571246 
4586378! 
460T458 
461 64,86" 
4631461 
4646386 
4661259 
4676081 
4690853 
4795575 
47 20247 
4734870 
4749443 
4763968 
4778445 
4792873 
4807254 
4821587 


4835873 
4850112 
4864305 
48784 
4892552 
4906607 


4920616 


"Qt 
4274861 
4291060 
4307199 
4323278 
4339298 
4355258 
437161 
4387005 


4418522 
4434195 
444981 1 
4465372 
4480877 
4496326 
43711721 
4527662 
4542349 
4557582 
4572762 
4587839 
4602963 
4617986 
4632956 
4647875 
4662743 
467756 
4692327 
4707044 
472171¹ 
4736329 
4750898 
4765418 
4779890 
4794313 
4808589 
4823018 
4837299 


440272 


71 
4276484 
4292677 
4308809 
4324883 
4340896 
4356851 
4372748 
4388587 
4404368 
4420092 
4435759 
4451370 
4466925 
4482424 
4497868 
4513258 
4528593 
4543875 
4159102 
4574277 
4589399 
4604468 
4619485 
4634450 
4649364 
4664227 
4679039 
4693801 
4708513 
4723175 
4737788 


17752352 


4766867 
4781334 
4795754 
4810124 
4824448 
4838725 


4852954 
1148671 38 
488 
4895366 
4909412 


1275 


14923413 


| Togarithnn (6 3169). 


4278106 
4294293 
4310419 
4326487 


4358444 
4374334 
4390167 
4495943 
4421661 


4437322 


4452928 
4468477 
4483971 
4499410 
4514794 
4530124 
4.545400 
4560622 
4575791 
4590908 
4605972 
4620984 
4635944 
4650853 
4665711 
4680518 
4695275 
4709982 
4724639 
4739247 
4753806 
4768316 
4782778 
4797192 
4811559 
4825878 
4840¹ 50 
4854375 
4868554 
4882686 


4342494. 


'7 9 ; 
4279727 
4295908 
4312029 
4328090 


4360035 
4375920 
4391747 
4407517 
4423229 
4438885 
4454485 
4470029 
4485517 
4500951 
4516329 
4531654 
4546924 
4562142 
4577305 
4592417 
4607475 
4622482 
4637437 
4652341 
4667194 
4631996 
4696748 
4711450. 
4726102 
4749705 
4755259 
4769765 
4784222 
4798631 
4812993 
4827307 
4841574 
4855795 


| 4869969 


4884097 
4898179 
4912216 


| 
4344992 | 


- 


4926207 


— — oo... 


_— 


0 


| 4927504 


4941546 
4955443 
4959295 
4983106 
4996871 
5010593 
5024271 
5937907 
5051500 
5055050 
5078559 
5092025 


15180545 


5118834 
5132176 
5145478 


5158738 


5171959 
5185139 
5198280 
5211381 
5224442 
3237465 
5250448 
5263393 
5276 299 
5289167 
5301997 
5314789 


15327544 


5340261 
5352941 
5365584 


35378191 


5390761 
1403295 
5415792 
5428254 
5440680 


5453071 


5465427 
5477747 
5490033 


| 


I 
4929000 
4942938 
4956831 


4970679 


4984484 
4998245 
5011962 
5025637 
5039268 
5052857 
5066403 
5079907 
5993370 
5106790 
5120170 
5133508 
5146805 
5160062 
5173279 
5186455 
5199592 
$212689 
5225746 
5238765 
5251744 
5264685 
5277588 
5290452 
5303278 
5316066 
5328817 
5341531 
3354207 
5366847 
5379450 
5392016 
5404546 


5417040 


5429498 
5441921 
5454308 
5466660 
51478977 


Artificial Numbers: Or, 


4930396 
4944329 
4958218 
4972062 
4985862 
4999619 
$013332 
5027002 
5040629 
5054213 
5067755 
5081255 
5094713 
5108 130 
5121505 
5134840 
5148133 
5161386 
5174598 
5187771 
5200903 
1213996 
5227050 
5240064 
5253040 
5265977 
5278876 
5291736 
5304558 
5317343 
5330090 


5342800 


$355473 
5368109 
5380708 
1393271 
5405797 
5418288 
5430742 
5443161 


+3 
4931791 


4945720 
4959604 


4972444 


4987249 
5000992 
5014701 
5028366 
5041989 
5055569 


506910 


5082603 
5096057 
5109469 
5122841 
5136171 
5149460 
5162709 
5175917 
5189086 
5202214 
3215303 
5228353 
5241364 
5254335 
5267269 
5280163 
5293020 
1305839 
5318619 
5331363 
5344069 
5356738 
5369370 
5381966 
1394525 
5407048 
54193535 
5431986 
5444401 
5456781 
5459126 
2257 
5493712 


4933186 
4947110 


4960990 | 


4974825 


4988617 | 
50023651 


5016069 
5029731 


3043349 


5056925 
5070459 


5083950 


5©974co 
5110808 


512475 


3137301 
5150787 
5164031 
5177236 
5190400 
5203525 
5216610 
5229656 
5242663 
5255631 
5268560 
5281451 
5294303 
5307118 
5319895 
5332635 
5341338 
5358003 


— 


— 


—_ —_— 


_— 


$370631] 


5383223 
1397779 
5408298 
5420781 
3433229 


54456414 
5458017 


3470359 
5482665 


5454937 


We 


311 


312 
313 
314 


315 


316 


317 


318 


319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
332 
333 
334 
335 
336 
337 
338 
339 
340 


341 


342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
354 


5 
4934580 
4948500 
4962375 
4976206 
4989994 


| 5093737 


5017437 
5031094 
5044709 
5058280 
5071810 
5085297 
5098743 
5112147 
5125510 
5138832 
5152113 
5165354 
5178554 
5191715 
5204835 
5217916 
5230958 
5243961 
5256925 
5269851 
5282738 
5295587 
5308398 
5321171 

5333907 
5346506 
5359267 
5371892 
5284481 
5397032 
5409548 
5422028 
5434472 
5446880 
5459253 
3471591 

5483894 
3406162 


— 


4935974 
4949890 
4963761 
4977587 
4991370 
5005109 
5018805 
5032458 
5046068 
5059635 
5073160 
5085644 
5100085 
5113485 
5126844 
5140162 
5153439 
5166676 
5179872 
5193028 
5206 145 
5219222 
5232260 
5245259 
5258219 
5271141 
5284024 
5296869 
5309677 
5322446 
5335179 
5347874 
5360532 
5373153 


3385737 


5398286 
5410798 
5423274 
5435714 
5448119 
5460489 
5472823 
5485123 


| 5497387 


_ Logarithms (t 
6 


| 


ö 


7 


4937368 
4951279 
4965145 
4978967 
4992746 
5006481 
5020172 
5033821 
5047426 
506 2990 
5074511 
5087990 
5101427 
5114823 
5128178 
5141491 
5154764 
5167997 
5181189 
5194342 
5207455 
5220528 
5233562 
5246557 
5259513 
3272431 
5285311 
5298152 
5310955 
5323721 
5336450 


0 3549.) 


4938761 
4952667 
4956529 
4980347 
4994121 
5907852 
5021539 
5035183 
5048785 
5062344 
5075860 
5089335 
5102768 
5116160 
5129511 
5142820 
5156089 
5169318 
5182506 
5195955 
5208764 
5221833 
5234863 
5247854 
5260807 
5273721 
5286596 
5299434 
5312234 
5324996 
5337721 


5349141 | 5350408 
5361795 $363059 
$374413 | $375672 


5386994 
5399538 
3412047 
3424519 
5436956 


5449358 


5461724 
5474055 
5486351 


5498012 


5388250 
5400791 
5413296 
3425765 
5438198 
5450596 


5475286 
5487578 


5489836 


WY 


4940154 


4954056 


49679131 
4981727 


4995496 


5009222 


5022905 
3036545 
5050142 
506 3697 
5077210 


5090680 | 


5104109 
5117457 
5130844 
5144149 


51574141 


5170639 
5183823 
5196968 
5210073 
5223138 
5236164 
3249151 
5262100 
5275010 
5287882 
5300716 
5313512 
5326270 
5338991 
5351675 
5364322 
3376932 
5389506 
5402043 
5414544 
5427010 
5439439 


3451834 
5462958 


5464193 


5476517 


5488805 
5501060 


— 


— 


- 
5502283 
5514500 
5526682 
5538830 
5550944 


35563025 


5575072 
5587086 
5599066 
5611014 


5622929 


5634811 
5646661 


5658478 


5670264 
5682017 


5705429 


5717088 
5728716 
5740313 
5751878 
5763413 


5774917 
5786392 


5797836 
5809250 
5820634 
5831988 


5843212 
5854617 
5865873 


5877110 
5888317 


5899496 


5910646 


5921768 


5932861 | 


5943925 
5954962 
5965971 
5976952 
5987905 
5998831 


1 
5503507 


35515720 
5527898 
5540043 


5552154 
5564231 
5576275 


| 5588285 | 


5600262 


ze; 


5624118 
5635997 
5647844 
5659658 
5671440 
5683191 


5693739 


5694910 
$706597 
5718252 
5729877 
5741471 
5753033 
5764565 
5776067 
5787538 
5798979 
5810289 
5821770 
5833122 
5844443 


5855735 
5866998 


5878232 


5889436 
5900612 
5911759 
— 


5945030. 
595604 
596 700 
5978048 
5988999 
5999922 


| Artificial Numbers: Or; 


4 8. 
5504730 


5516939 
3529114 


5541256 


5553362 
5565437 
3377477 


5589484 
5601458 


5613399 


5625308 


5637183 
5649027 
5660838 
5672617 
5684364 
5696080 


5933968 


5707764 
5719416 
9731038 
5742628 
5754188 
5765717 
5777215 
5788683 
58001 21 
5811529 
5822907 
5834255 
5845574 
5856863 
5868123 
5879353 
5890555 
5901728 
5912873 
5923 988 
(5935076 
5946135 


5979145 


6001013 


5957166 
5968169 


5990092 


, 
5505952 
5518158 
5530330 
5542468 


5514572 
5566643 


5578580 
5590683 
5602654 
5614592 
5626497 
5638369 
5650209 


5662017 


5673793 
5685537 
5697249 
5798930 
5720580 
$732198 
5743780 
5755342 


5766868 
5778363 
5789828 
5801263 


5812668 
5824043 
583 5388 
5846704 
5857990 


5869247 
5880475 
5891674 


5902844 
5913985 


5925098 
5936183 
5947239 
5958268 
5969268 
5980241 
5991186 


6002103 


* Ld 


4 


5651392 
5663196 
5674969 
5686710 


$598419 


5710097 
5721743 


3733358 


$744943 
5755495 


5768019 


5779511 
5790973 
5802405 

5813807 


5825179 


5836521 
5847834 
5859117 
5870371 


5892792 
5903959 


5915098 


5926208 
5937290 


35071744 
5519377 
35531545 
5543680 
35555781 
5567848 

55798811 
35591882 
5603849 
35615784 
5627685 
5639555 


5881 596 


5548344 


5992279 


6003192 


5959369 
5970367 
5981236 


ene, (195999) | 
3 7 9 


| 5508396 | 


$569053 
5581083 
3593080 
5605044 
3616975 
3628875 
5640740 
5652573 
3664375 
5676 144 
5687882 
56995 88 
5711263 
5722905 
5734518 
5746099 
5757650 
5769169 
5780659 
5792118 
5803547 
5814945 
3826314 


15837654 


5848963 
5860244 
5871495 


15882717 


5893910 
5905075 


5916210 


5927318 
3938397 
5949447 
5960470 
5971465 
5982432 
5993371 
6004283 


1520595 
3532760 
5544892 
35568989 


Ae 
5521813 


3533975 


5546103 
5558197 
5570257 
5582284 
5594278 
5606239 
5678167 
5530062 
5641925 
5653755 
5665553 
56773 20 
5689054 
5700757 
5712428 
5724069 
5735678 
5747256 
5758803 
5770320 
5781806 
5793262 
5804688 
5816084 
5827450 
5838786 
5850093 
5861370 
5272618 
5883828 | 
5895028 
5906189 
5917322 
5928427 
5939503 
5950551 
3961571 
5972563 
5983527 
599445 4 


6005373 


5510839 
3523031 
5535189 
5547314 
3559404 | 
5571461 | 
5583485 
5595476 
5607433 
5519358 
3631250 
5643109 
5654936 
5666731 
5678494 
5690226 
5701926 
5713594 
5725231 
5736837 
5748412 
5759956 
5771470 
5782953 
5794406 
35805829 
5817222 
5828585 
5839918 
5851222 
586 2496 
— 

1 
385 145 
5907304 
5918434 
5929536 
5940609 
5951654 
5962671 
5973660 
5984622 
5995556 


600646 2 


4712036 
5524248 
5535403 
3548524 
— 


— 


3153673 
35608627 
3620548 
5632437 
5644293 
5656117 
5667909 
| $679669 
5691397 
35703094 
5714759 
5726393 
5737996 
5749568 
5761109 
5772620 
578400 
* 

—— 
5818359 
5829719 


5852351 
* — 
5874865 
868078 
5897262 
. 
5919546 
5930644 
5941715 
5952757 
5963770 
5974758 
5995717 


7 
6CO7551 


5841050 | 


$513280 
5525465 
242770 
4973 
5361818 
5573569 
5585886 
5597879 
5909820 
5621739 
$633624 
$945477 
5657298 
5669087 
5680843 
5692568 
5704262 | 
$715924 
$727555 
5739154 
3750723 
5762261 
5773769 
5785246 
57966 93 
5808110 
5819497 
9855134 
5842181 
5853479 
5864748 
5875987 
5887198 
5898379 
5909532 
59206 57 
5931753 
. — 
5953800 
91457 
5975855 
5986811 


5997739 


6008640 


Artificial Numbers: Or; 
S CL. 2 


: 


6009729 
6020600 
6031444 


6042261 | 
| 6053050 


6063814 


6074550 
6085260 


6095944 


| 6106602 


6117233 
6127839 
6128418 
6148972 
6159501 
6170003 
6180481 
6190933 
6201360 
6211763 
6222140 
6232493 
6242821 
6253124 
6263404 
6273659 
6283889 
6294096 
6304279 
6314438 


16324573 


6334685 
6344773 
6354837 
6364879 
6374897 
6384893 
6394865 
6474814 
6414741 
6424645 
6434527 
6444386 
6454223 


6010817 
6021685 
6032527 
6043341 
6954128 
6064888 
6075622 
6086330 
6097011 
6107666 
6118295 
6128898 
6139475 
6150026 
6160552 
6171052 
6181527 
6191977 
6202402 
6212802 
6223177 
6233527 
6243852 
6254153 
6264430 
6274683 
6284911 
6295115 
6305296 
6315452 
6325585 
6335694 
6345780 
6355843 


6365882 


6375898 
6385891 
6395861 
6405808 
6415733 
6425634 
6435514 
6445371 


6455205 


6011905 
6022771 
6033609 
6044421 
6055205 
6065963 
6076694 
6087399 
6098078 
6108730 
6119356 
6129957 
6140531 
6151080 
6161603 
6172101 
6182573 
6193021 


6203443 


6213840 
6224213 
6234560 
6244884 
6255182 
6265457 
6275707 
6285933 
6296134 
6306312 
6316467 
6326597 
6336704 
6346788 
6356848 
6366884 
6370898 
6386889 
6396857 
6406802 
6416724 
6426623 
64365co 
6446355 
0456187 


6012993 
6023856 


6034692 | 6 


6045500 
6056282 
9067037 
607776 

6088468 


6099144 6 


6109794 
6120417 
6131015 
6141587 
6152133 
6162654 
6173149 
6183619 


6204484 6 


6214879 
6225149 
6235594 
6245915 

256211 
6266483 
6276730 


6297153 


6307329 
6317481 
6327609 


6337713 


6347795 
6357852 
6367887 
6377898 
6387887 
6397852 
6407795 
6417715 
6427612 
6437487 
6447339 
0457169 


—_— 


Natural 
ae 


8 
K 


» —. 


* 


5 
6015168 
6026025 
6036855 


| 6047659 


6058435 
6069185 
6079909 
6090605 
6101276 
6111921 
6122539 
6133132 
6143698 
6154240 
6164755 
6175245 
6185710 
6196150 
6206565 
6216955 
6227320 


| 6237660 


6247976 
6258267 
6268534 
6278777 


.| 6288996 


6299190 
6309361 
6319508 


6329632 


6339732 
6349808 


6359861 


6369891 
6379898 
6389882 
6399842 
6409781 
6419696 
6429589 
643 9459 
6449307 
6459133 


—_— — 


Wr 


6016255 
6027109 
6037937 
6048738 
6059512 
6070259 
6080979 
6091674 
6102342 
6112948 
6123599 
6134189 
6144754 
6155292 
6165805 
6176293 
6186755 
6197193 
6207605 
6217992 
6228355 
6238693 
6249006 
6259295 
6269559 
6279800 
6290016 
6300208 
6310377 
6320522 
6330643 
6340740 
6350814 
6360865 
6370893 
6380897 
6390879 
64c0837 
6410773 
6429686 
6430577 
6440445 
6459291 
6460114 


7 

6017341 
60281 93 
6039018 
6049816 
6060587 
6071332 
6082059 
6092747 
6103407 
6114046 
6124660 
6135247 
6145809 
6156345 
6166855 
6177340 
6187800 
6198235 
6208645 
6219039 
6229300 
6239725 
6250036 
6260322 
6270585 
6280823 
6291036 


6301226 


6311392 
6321535 
6331653 
6341749 
6351820 
6361869 
6371894 
6381896 
6391876 
6401832 
6411765 
6421676 
6431565 
6441430 
6451274 
6461095 


4429.) 


6029277 
6040099 
6050895 
6061663 
6072405 
60831 20 
6093809 
6104472 
6115109 
6125720 
6136 304 
6146863 
6157397 
6167905 
6178387 
6188845 
6199277 
6209684. 
6220067 
6230424 
6240757 
6251066 
6261350 
6271610 
6281845 
6292057 
6302244 
6312408 
6322548 
6332664. 
6342757 
6352826 
6362872 
6372895 
6382895 
6392872 
6402826 
6412758 
6422666 
6432552 
6442416 
6452257 
6462076 


| 


6018428 


ö 


i 
6019514 
6030361 
6041180 
6051973 
6062738 
6073478 
6084190 
6094877 
6105537 
6116171 


6126779 
6137361 


6147918 


6158449 
6168954 
6179434 
6189889 
6200319 
6210724 
6221104 
6231459 
6241789 
6252095 
6262377 


6272634 


6282867 
6293976 
6303262 
6313423 
6323560 
6333674 
6343765 
6353832 
6363876 
6373896 
6383894 


6393869 


6403820 
5413749 


64236561 


6433549 
6443401 
6453240 
6453057 


Qq 


I 


y 
% * 
* 
" 
. 


Natural 


anne of 
443 


433 | 


| 6473830 


0 
6464037 


6483600 
6493349 


6503075 


6512780 
6522463 
6532125 
6541765 
6551384 
6560982 
6570559 
6580114 
6589648 
6599162 
6608655 
6618127 
6627578 
6637009 
6646420 
6655810 
6665180 
6674530 
6683859 


6693169 


6702459 
6711728 
6720979 
6730209 
6739420 
6748611 
6757783 
6766936 
6776069 
6785184 
6794279 
6803355 
6812412 
6821451 


6830470 


6839471 
6848454 
6857417 


— — 


Artificial Numbers: Or, 


6465017 
6474808 
6484576 
6494322 
6504047 
6513749 
6523430 
6533090 
6542728 
6552345 
6561941 
6571515 
6581068 
6590601 
6600112 
6609603 
6619073 
6628522 
6637951 
6647360 
6656748 
6666116 
6675463 
6684791 
6694099 
6703386 
6712654 
6721903 
6731131 
6740340 
6749529 
6758700 
6767850 
6776982 
6786094 
n 
6804262 
6813317 
6822354 
6831371 
6840370 
6849351 
6858313 


6856363 |] 6667256 


— 


2 


6465997 
6475785 
6485552 
6495296 
6505018 
6514719 
6524397 
6534955 
6543691 
5553305 
6562899 
6572471 
6582023 
6591553 
6601062 
6610551 
6620019 
6529466 
6638893 


| 


6648299 | 


6657985. 


6667051 
6676397 
6685723 
6695028 
6704314 
6713580 
6722826 
6732053 
6741260 
6750447 
6759615 
6768764 
6777894 
6787004 
6796096 


6805168 


6814222 
6823256 
6832272 
6841269 
6850248 
6859208 
6868149 


3 
6466977 


6476763 


6485527, 
6496269 
6505989 
6515687 
6525364 
6535019 
6544653 
6554266 
6563857 
6573427 
6582976 
6592505 
6602012 
6611499 
6620954, 
6630410 
6639835 
6649239 
6658623 
6667987 
6677331 
6686654 
6695958 
6705242 
6714506 
6723750 
6732974 
6742179 
6751365 
6760531 
6769678 
6778806 
6787914 
6797004 
6806074 
6815126 
6824159 
6833173 
6842168 
6851145 
6860103 
6869043 


, 


4.35 
646795 
6477740 


6487502 


6497242 
6506960 
6516656 
6526331 
6535984 
6545616 
6555226 
6564815 
6574383 
6583930 
6593456 
6602962 
6612446 
6621910 


6631353 


6640776 
6650178 
6659560 


6668922 
6678264 


6687585 
6696887 
6706169 
6715431 
6724673 
6733896 


6743099 


6752283 


6761447 


6779592 
6779718 
6788824 


6797912| 
6806980 


6816030 


6825061 


6834073 
6843066 


685 2041 


l 


686c998 
6869936 


— 


— 
” 


7 


„ 


n 


TY 
6468936 


16478718 


6488477 
6498215 
6507939 
6517624 
6527297 


6546578 
6556186 
6565773 
6575339 
6584884 
6594408 
6603911 
6613393 
6622855 
| 6632296 
6641717 
6651117 
| 6660497 
6669857 
6679197 
6688516 


16697816 


6707096 
6716356 
6725596 
6734817 
6744918 
6753200 
$762362 
6771505 
57806 29 
6789734 
6798819 
68078845 
6816924 
6825963 
6834973 
6843965 
6852938 
6861892 


| 6870828 


6536948 


Lugwithms (104889) 
TAY 


6469915 
6479695 
6489452 
6499187 
6508901 
6518593 
6528263 
6537912 
6547539 
6557145 


6576294 
6585837 
6595359 
6604860 
6614340 
6623800 
6633239 
6642658 
6652056 
6661434 
6670792 
6680 130 
6689447 
6698745 
6708023 
6717281 
6726519 
6735738 
6744937 
675417 
6763277 
6772418 
6781540 
6790643 
6799727 
6808792 
6817838 


16826865 


6835873 
6844863 
6853834 
6862787 


6871721 


6566730 


7 


IS 
6470894 
6480671 
64904 266 


6500160 

5509871 
6519561 
6529229 
6538876 
5548501 
6558105 
6567588 
6577250 
6586790 
6596310 
6605809 
6615287 
6024745 
6634182 
6643599 

6652995 


6662371 56 


6671727 
6681062 


6590378 


6699674 
6708950 
5718206 
6727442 


6735659 | © 


6745856 
6755034 
5764192 
6773332 
6782452 
6791552 
68906 34 
6809097 
6818741 


6827766 
6836773 


6845761 


0854730 
686 3681 
6872613 


ö 


415617181 


16766022 


9 ; 
6472851 | 
6482624 
6492375 
6502104 | 
5511811 
6521496 
6531160 
6540802 
6550423 
6560923 | 
6569602 
0579159 
6588696 
6598212 
6697706 


0626634 
6636067 
6645480 
6654872 
6664244 
6673595 
6682927 
6692239 
6701530 
6710802 | 
6720054 
6729287 
6738500 | 
6747093 * 
6756867 


6775157 
6784273 
0793370 
6802448 
6811507 
6820548 
6829569 
6838572} 
6847550 
6856522 
6865469 
6874398 


Qq 2 


} 


| 
| 


o 
6875290 
6884198 
6893089 
6901961 
6910815 
6919651 


15928469 


6937269 
6946052 
6954817 


69635641 


6972293 


6989700 
6998377 
7007037 
7015680 


17024305 


7032914 
7041505 
7050089 
7058637 
7c67178 
7075702 
7084 206 
7092700 
7101174 
7109631 
7118072 


7126497 


7134905 
7143298 
7151674 
7160033 
7168377 
7176705 
7185017 
7193313 
7201593 
7209857 


7226339 
7234557 
7242759 


6981005 


7218106 


ane miei c, 


[PII 
6385088 
6893977 
6902847 
6911699 
6920534 
6929350 
6938148 
6946929 
6955692 
6964438. 
6973165 
6981876 
6990569 


6999244 | 
7007902 
7016543 


7025167 
7033774 
7042363 
7050936 
7059492 
7068031 
7076553 
7085059 
7093548 
7102020 
7110476 
7118915 
7127339 


7135745 


7144136 
7152510 
7160869 
7169211 
7177537 
7185847 
7194142 
7202420 
7210683 
7218930 
7227162 
723537 


2 
6877073 


6885978 


6894864 
6903733 
6912584 
6921416 
9930231 
6939027 
6947806 
6956 568 
6965311 
6974037 
6982746 
6991437 
7000111 


7008767 


7017406 
7026028 
7034633 
7043221 
7051792 
7060347 
7068884. 
7077405 
7085908 
7094396 
7102866 
7111321 
7119759 
7128180 
7136585 
7144974 
7153347 
7161703 
7170044 
7178369 
7186677 
71 94970 
7203247 
7211508 
7219754 
7227984 
7236198 
7244397 


3 


6877964 
6886867. 
6895752 
6924616 
691 3468 
6922298 
6931111 
6939906 
6948683 | 
6957443 | 
6966185 
6 974909 
6983616 
6992305 
7000977 
7009632 
7018269 
7026890 
7035493 
7644079 
7052649 
7061201 
7069737 
7078256 
7086758 
1095244 
7103713 
7112165 
7120601 
7129021 
7137425 
7145812 
7154183 
7162538 
7170877 
7179200 
7187507 
7195799 
7204074 
7212334 
7220578 
7228806 
7237019 


| 


; 


6 


4 
+ hath 
87757 
6895640 


| 6905505 


6914352 
6923180 
683199ʃ 
6940785 
6949560 
6958318 
6967058 
6975780 
6984485 
6993173 
7001843 
7010496 
7019132 
7027751 
7036352 
7044937 
7053505 
7062055 
7070589 


7079107 


7087607 
7096091 
7104559 
7113010 


7121444 


7129862 | 


7138264 
7146650 
7155019 
7163373 
7171710 
7180032 


7188337 


7196627 


7204901 


7213159 
7221401 
7229628 
7237839 
7246035 


17 


7243578 


7245216 


— 
- 


8 


— r 3 _ — EU 


. a. Mit. 4 


»— Ls Yd MMR da EARS , — A” * . 


„ * * WA +-vE,. 7 * * * 


— 


* 


0 —— 4 3 * CI 


3 


87 687 


6888646 
16897527 
6906390 
| 6915235 
6924062 
6932872 
6941663 
6950427 
6959193 
696793! 
6976652 
6985355 
6 994041 
7002709 
7011361 
7019995 
| 7028612 
7037212 
7045793 


7054360 


7062910 
7071442 
7079957 
7088456 
7096939 
7105404 
7113854 
17122287 
7130703 
7139104 
7147488 
7155856 
7164207 
7172543 
7180863 
7189167 
7197455 
7205727 
7213984 
7222225 
72304 50 
7238660 
7246854 


6 


6880637 
5889535 
6898414 
6907275 
6916119 
6924944 
6933752 
6942541 
6951313 
6960067 
6968804 
6977523 
6986224 
6994908 
7003575 
7012225 
7020857 
7029472 
7038071 
7046652 
7055216 
7063764 
7072294 


7080808 


7089305 
7097786 
7106250 
7114698 
7122129 
7131544 
71 39943 
7148325 
7156691 


7165042 


7173376 
7181694 
7189996 
7198283 
7206554 
7214809 
7223048 
7231272 
7239480 
7247572 


BY ; 
6881528 


6890423 


6899301 
6908161 
6917002 


6925826 


6934631 
694.3419 
6952189 
6980942 
6969676 
6978394 
6987093 
6995779 
7004441 
7013089 
7021719 
7070333 
7038929 
7047509 
7056072 
7064617 
7073146 
7081659 
7090154 
7098633 
7107096 
7115542 
7123971 
7132385 
7140782 
7149162 
7157727 
7165876 
7174208 
dare 
719082 

7199111 
7207380 
7215633 
7223871 
7232093 
7240300 
7248491 


* 


Tuarubiu G 5309.) 


| 688241 8 
6891312 
6990188 
| 6909046 
6917885 
6926707 
6935511 
6944297 
695 3065 
6961816 
6970549 
6979264 
6987963 
6996643 
7005307 
7013953 
7022582 


7039788 
7048366 
7056927 
7065471 
7073998 
7082509 
7091003 
7099480 
7107941 
7116385 
7124813 
7133225 
7141620 
7150000 
7158363 
7166710 
7175041 
7183356 
7191655 
7199938 
7208206 
7216458 
7224694 
7232914 
7241120 


7249309 


7031193 


„ 
6883 308 
6892200 
6901074 
6909930 
6918768 
6927588 
6936390 
6945174] 
6953941 
696 26 90 
6971421 
6980135 
6988831 
6997510 
7006172 
7014816 
1923444 
7032054 
7040647 
7049223 
7057782 
7066324 
7074850 
7083359 
7091851 
7100327 
7108780 
7117229 
7125655 
7134065 | 
7142459 
7150837 
7159198 
7167544 
7175873 
7184186 
7192484 
7200706 
7209032 
7217282 
7225517 
7233736 
7241939 


7250127 


— 


| 


 . Artificial Numbers + Or; 


5 
7250945 
7259116 
7267272 
7275413 


7291648 


27299743 


7307823 
7315888 


| 7323938 


1331973 
1339993 
7347998 
7355989 
7363965 
7371926 
7379873 
7387806 
7395723 
7403627 
7411516 
7419391 
7427251 
7435098 
7442930 


. | 7450746 


7458552 
7466342 
7474118 
7481880 


7497363 


| 7505087 


7312791 
7520484 
7528164 
7535831 
7543483 
7551123 
7558749 
7566361 
7573960 


7589119 


7283738 


7489629 


7581546 


7251763 
7259933 
7268087 
7276226 
7284349 
7292458 
7300551 
72086 30 
7316693 
7324749 
7332775 
7340794 
7348798 
7356787 
7364762 
7372722 
7 380667 
7388598 
7396514 
7404416 
7412304 
7420177 
7428037 
7435881 
7443712 
7451329 
7459332 
7467120 
7474895 
7482656 
7490403 
7498136 
7505855 
7513561 
7521253 
7528932 
7536596 
7544248 
7551886 
7559510 
7567122 
7574719 
7582304 


2 


7252581 
7260749 
7268901 
7277039 
7285161 


7301360 
7309437 
7317499 
7325546 
7333578 
7341595 
7349598 
7357585 
7365558 
7373517 
7381461 
7389290 
7397305 
74@5206 
7413092 
7420964 
7428822 
7436665 
7444495 
7452310 
7460111 
7467898 
7475672 
7483431 
7491177 
7498908 
75066 26 
7514331 
7522022 
7529699 
7537362 
7545012 
7552049 
| 7560279 
7567882 
7575479 
7583062 


7590632 


7293268 


3 | 
7253398 
7261565 
7269716 
7277852 
7285972 
7294078 
7302168 
7310244 
7318304 
7326350 
7334380 
7342396 
7350397 
7358383 
7366355 
7374312 
7382254 
7390182 
7398096 
7405995 
7413880 
7421750 
| 7429607 
7437449 
7445277 
7453091 
7460890 
7468676 
7476448 
7484206 
7491950 
7499981 
7507398 
7515100 
7522790 
7530466 
7538128 
7545777 
7553412 
7561034 
756864 2 
| 7576237 
7583819 


7270531 


7591388 


4 1 
7254215 
7262380 


7278664. 
7286784. 
7294888 
7302977 
7311051 
7319109 
7327153 
7335182 
7343197 
7351196 
7359181 
7367151 
7375107 
7383048 
7390974 
7398886 
7406784 
7414668 
7422537 
7430392 
7435232 
7446059 
7453871 


7461670 | 


7469454 
7477225 
7484981 
7492724 
7500453 
7508168 
7515870 
7523558 
7531232 
75 38893 
7546541 
7554178 
7561795 
756 9402 
7576996 
7584577 


_—_— 


7592144 


7589875 


. 


. 
\ 1275 
17271344 
17279477 


7287595 
7295697 
730378517 
7311857 
7319914 
7327957 
7335985 
7343997 
7351995 
7359979 
7367948 
7375902 
7383841 
| 7391966 
7399677 
7407573 
7415455 
7423323 
7431176 
7439015 
7446841 


6 | 7454652 


7462449 
7470232 
7478901 
7485756 
7493498 
7501225 
7508939 
7510639 


| 7524326 


7531999 
7539659 
7547305 
7554937 
7562556 
7570162 
7577755 
7585334 


| 7592900 


. 


__ 
204012 
0 
7280290 
7288406 
7296 30 
7394593 
7312663 
7320719 
7328760 
7336787 
7344798 
7352794 
7369776 
7368744 
7376696 
7384634 
7392558 
7490467 
7408362 
7416283 
7424199 
7431961 
7439799 
7447022 
7455432 
740 3228 
7471009 
7478777 
7486531 
494271 
501997 
7509710 
7517409 
7525094 
7532766 
7540424 
7548069 
7555700 
7563318 
7570922 
7578513 
7586091 


7593656 


— — — 


7 


7256667 


7264827 


7272972 


7281101 
7289216 
7297316 

7305400 
7313470 
7321524 
7329564 
7337588 
7345598 
7353593 
7361574 
7369542 
7377491 


7385427 


7393330 
7491257 
7409151! 
7417030 
7424895 
7432745 
7440582 
7448404. 

7456212 

7464005 
7471787 
7479553 
7487306 
7495044 
7502769 
7510480 
7518178 
7525862 
7533532 
7541189 
7548832 
7555462 
7564079 
7571682 
7579272 
7586848 
7594412 


| 


| 74388080 


7281914 


7273786 


7290027 
7298125 
73062C8 
7314276 
7322329 
7330367 
7338390 
7346398 
7354392 
7362371 
7379335 
7379285 
7356220 
7394141 
7402047 
7409939 
7417817 
7425680 | 
7433539 
7441365 
7449187 
7459992 
7464785 
7472564 
7480329 | 7 


7495817 
7503541 
7511251 
7518947 
7526629 
7534298 
754195 
75495 
7557224 
7564840 
7572441 
7580030 
7587605 


7237483 
7265642 


7258300 
7266457 


7331170 


7274599 
7282726 
7290838 
7298934 
7307015 
7315082 
7323133 


7339191 
7347198 
7355191 
7363168 
7371131 
7379979 
7387013 
7394932 
7492837 


7410728 | 


7418604 
7426466 
7434314 
7442147 
7449967 
7457772 
7455564 
7473341 


7481105 


7488854 
7496590 
7594312 


7512021} 


7519716 
7527397 
7535065 
7542719 
7559359 
7557987 
7555600 
7573201 
7580788 
7588362 - 


— 


7595923 


Artificial Numbers: Or, WL 
0 I * 71 2 4 1 


2 


17596678 
7604225 
47611758 
.761 9278 
7626786 


7634280 


7597434 


7641761 


7549230 
7656686 
7664128 


7671559 
7678976 
7686381 
7693773 
7701153 


7708520 


7715875 
7723217 
7730547 
7737864 
7745170 


1 7752463 


7759743 


7767012 


7774268 
7781513 
7788745 
7795965 
7803173 
7810369 
7817554 


7824726 
- | 7831887 


7902852 


79c9885 | 79 0587 


| 


7604979. 
7612511 
7620030 


7627536 
7635029 


7642509 


7649976 
7657430 
7064372 
7672301 
7679717 
7087121 
7694512 
7701890 
7709256 
7716610 
7723951 
7731279 
7738596 
7745899 
7753191 
7760471 
7767738 
7774993 
7782236 
7789467 
7199686 
7803893 
7811088 
7818272 
7825443 
7832602 
7839750 
7346886 


7854010 


7861123 
7868224 
7875313 
7882391 
7889457 
7896512 
7903555 


7598189 


7605733 


7613263 


7620781 
7628286 


| 


7635777 


7643256 


7658175 
7665616 
7673043 
7080458 
7687860 
7695250 
7702627 
7709992 
7717344 
7724584 


7732011 


7739326 
7746629 


7753920 


7791198 
7768464 
7775718 
7782960 
7790190 
7797408 
7804613 
7811807 
7818989 
7826159 
7833318 
7840464 
7847599 
7854722 
7861833 
7868933 
7876021 
7883098 
7890163 
7897217 
7904259 
O91 1290 


: 


7650722 


| 


75989 
760948 


7621532 
7629035 
76 365 26 


7644003 
7651468 


7658920 
7666359 
7673785 
7681199 
7688600 
7695988 
7793364 
7710728 
7718079 
7725417 
7732743 
7740057 
7747359 
7754648 
7761925 
77691 90 
7776443 


7783983 


7790912 
7798129 
7805333 
7812526 
7819707 
7826876 
7834033 
7841178 
7848312 
7855434 
7862544 
7869643 
7876730 
7882805 
789c869 
7897922 
7904963 


7911992 


7614016 


7599699]. 


76007240 
7614708 
7022283 
7629785 
7637274 
7644750 
7652214 
76 59664 
7667102 
7674527 
7681940 
7689339 
7696727 
7704101 
7711463 
7718813 

7726150 
7733475 

7740788 
7748088 
7755376 
77520 52 
7769916 
7777167 
7784407 
7791634 
7798850 
7806053 


7813245 
7820424 


7827592 
7834748 
7841892 


7849024 


7856145 


7863254 
7870352 
7877438 


7884512 


7891575 
7898626 
7995666 
7912695 


Natural 
Numbers. 


375 


5 


7600453 
7607993 
7615520 
7623034 
7620534 
7638022 
7645497 
7652959 
7660409 
7557545 
7675269 
7682680 
7690079 
7697465 
7704 838 


17712199 


7719547 
7726884 
7734207 
7741519 
7748318 
7756104 
7753379 
7770642 
7777892 
7785130 
7792356 
7799571 
7806773 
7813963 
7821141 
7828308 
7835463 
7842606 
7849727 
7856857 
786 3965 
7871061 
7878146 
7885219 
7892281 
! 78993 31 
| 7906370 
7913397 


Logariehms (to 
6 


7601208 


7608746 
7616272 
7623784 
7631284 
7638770 
7646244 
7653705 
7661153 
7668588 
7676011 
7683421 
7690818 
7598203 
7705575 
7712934 
7720282 
7727616 
7734939 
7742249 
7749547 
7756832 


7764106 


7771367 
7778616 
7785853 
7793078 
7800291 
7807492 
7814681 
7821859 
7829024 
7836178 
7843319 
7850450 
7857568 
7864675 
7871770 
7878853 
7885926 
7892986 
7900035 
7907073 
7914099 


* 

7601962 
7609500 
7617024 
7624535 
7632033 
7639518 
7646991 
76544509 
7661897 
7669331 
7676752 
7684161 
7691557 
7698940 


7796311 | 7707048 
7713670 7714405 
7721016 | 7721750. 


7728349 
7735670 
7742979 
7750276 
7757560 
7764833 
7772093 
7779340 
7786 576 
7793800 
7801012 
7808212 
7815400 
7822576 
7829740 
7836892 
7844033 
7851162 
7858279 
7865385 
7872479 
7879561 
7886632 
7892691 
7900739 
7907776 
7914801 


| 


' 
: 


6189.) 


7602717 
7510253 
7617775 
7625285 
7632782 
7640266 
7647737 
7555195 
7662641 


7670074 


7684901 | 
7692296 
7699678 


7729082 
7736402 
7743710 
7751005 
7758288 
7765559 
7772818 
7780065 
7787299 
7794522 
7801732 
7808931 
7816118 
7823293 
7830456 
7837607 
7844746 
7851874 
7858990 
7866095 
7872188 
7880269 
7887339 
7894397 
7901444 
7908479 


| 7915503 


9 | 
7603471] 
7611005 
7618527 
7626035 
7633531 
7641014 
7648484 
7655941 
7663385 
7670886 


7677494 7678233 


7685641 
7693035 
7700416 
7707784 
7715140 
7722483 
7729814 
7737133 
7744440 
7751734 
775901 6 
7766286 
7773543 
7780789 
7788022 
7795243 
7802453 
7809650 
7816836 
7824010 
7831171 
7838321 
7845460 
7852586 
7859701 
7866805 
7873896 
7880976 
7888045. 
7895 102 
7902148 
7909182 
7916205 


1 


7916906 
7923917 
7930916 

7904 
7944880 
7951845 
7958800 
7955743 
7972675 
7979596 
7986 506 
7993405 
8000294. 
8007171 
8014037 
8020893 
8027737 
8034571 
8041394 
8048207 
8055009 
806 1800 
8068580 
8075350 
8082110 


8095597 
8102325 
8109043 
8115750 
8122447 
81291 34 
8135810 


8142476 
8155777 


8169038 
8175654 
8182259 
8188854 
8195439 
8202015 
8208580 


8088859 


8149132 
8162413 


Artificial Numbers : Or, 


7917608 
7924617 


17931615 


7938602 
7945578 
7952542 
7959495 
79664 37 


973368 
7980288 


7987197 


7994097 
8000982 
8007858 
8014723 
8021578 
8028421 
8035254 
8042076 
8048887 
805 5688 
8062478 
8069258 
8076027 
8082785 
8089533 
8096270 
8102997 
8109714 
8116420 
8123116 
8129802 


8136477 
8143142 
8149797 
8156441 
8163076 
8169700 
8176315 
8182919 
8189513 
| 8196097 
8202672 


| 8209236 


2 


7918309 


7925318 
7932314 
7939300 | 
7946274 
7953238 
7960190 
7967131 
7974060 
7980979 
7 987887 
7994784 
8001670 
8008545 
8015409 
8022262 
8029105 
8935937 
8042758 
8049568 
8056368 
8063157 
8069935 
8076703 
8083460 
8090207 
8096944 
8103670 
8110385 
8117090 
8123785 
8130470 
8137144 
8143808 
8150462 
8157103 
8163739 
8170362 
8176976 
8183579 
8190172 


8196755 
8203328 


8209892 


7946971 


8124454 


8210540 | 


3 
** 
7926018 
7933014 
7939998 


7953933 
7960884. 
7967824 
7974753 
7981671 
1988577 
7995473 
8002358 
8009232 
8018095 
8022947 
8029789 
8036619 
8043439 
8250248 
8057047 
8063835 
8070612 
8077379 
8084136 
8090881 
8097617 
8104342 
8111056 
8117760 


8131138 
8137811 
8144474 
8151127 
8157769 
8164402 
8171024 
8177636 
8184239 
8190831 
8197413 

8203987 


7996162 


8091555 


+ 
7919712 | 
7926718 a 
7933712 
7940696 
7947668 
7954629 
7961578 
7968517 
7975445 
7982362 |. 
7982267 


3 


8003046 a 
8oog ig 
8016781 | 


8023632 | 


8030472 
8037302 
8044121 | 
8050929 
8057726 
8064513 | 
8071290 
8078055 
8084811 


* 


— 


8098290 | 
8105013 
8111727 
8118430 | 
8125123 | 
8131805 
8138478 
8145140 
8151791 
8158433 
8165064 
8171686 
8178297 
8184898 
8191489 
8198071. 
8204642 
8211203. 


— —_— 
. R + 


Leite, bi. 


7 2 1 9 


— | 15 


7920413 
7927418 
7934411 


7948365 
7955324 
7962273 
7969211 
7976137 
7983053 
7989957 

996851 

003734 
8010605 
8017466 
8024316 
8031156 
8037984 
8044802 
8051609 
8058405 
8065191 
8071967 
8078731 
8085485 
8092229 
8098962 
8105685 
8112398 


8119100 


8125792 
8132473 
8139144 
8145805 
8152456 
8159096 
8165727 
8172347 
8178958 
8185558 


os 


8192146 
8198728 
8205298 
8211859 


7941394 


7921114 
7928118 
7935110 
7942091 
7949081 
7956020 
7962967 
7969904 
7976829 
7983744 
7990647 
799754 
8004421 
8011292 
8018152 
8025001 
8031839 
8038656 
8045483 
8052289 
8059085 
8065869 
8072643 
8079407 
80861609 
8092903 
8099635 
8106357 
8113068 
8119769 
8126460 
8133141 
8139811 
8146471 
8153120 
8159760 
8166389 
8173009 
8179618 
8186217 
8192806 
8199386 
8205955 


8212514 


7921815 
7928817 
7935809 
7942789 
1949757 
7956715 
7963602 
7970597 
7977521 
7984435 
7991337 
7998228 
8005109 
8011978 
8018837 
8025685 
8032522 
8039348 


7922516 


792321 6 


8019522 


8046 164 
8052969 
8059763 
8066547 | 
8073320 | 
8080083 


886835 8087510 | 8088184 
8093577 d | 8094924 


8100308 


8107029 8107700 8108371 
8113739 8114409 | 8115080 
8121108 


8120439 
8127129 
8133808 
8140477 
8147136 
8153785 
8160423 
8167052 
8173670 
8180278 
8186877 
8193465 
8200043 
8206611 


7929517 
7936507 
7943486 
1950454 
1957410 
79643 56 
7971290 
7978213 
7985125 
7992027 
7998917 
8005796 
8012665 


8026369 
8033205 
8c40031 
8046845 
8053649 
8060442 
8067225 
8073997 | 
8080759 


810098 


8127797 | 
8124475 
8141144 
8147801 
8154449 
8161087 
8167714 
8174331 
8180939 
8187536 
8194123 
8200700 
$207268 


79927 16 


7930217 
7937296 
7944183 
7951150 
7958105 
7965050 
7971983 
7978905 
7985816 


7999605 
8006484 
8013351 
8020208 
8027053 
8033888 
8040712 
8047526 
8054329 
8061121 
8067903 
8074874 
8081434 


8101653 


8121778 
8128465 
8135143 
8141810 
8148467 
8155113 
8161750 
8168376 
8174993 
8181599 
8188195. 
8194781 
8201358 
8207924 


8213170 


8213825 


8214480 


Rr 2 


| 0 


8215135 
8221681 
8228216 
8234742 
8241258 


8254261 
8260748 
8267225 
8273693 
8280 151 
8285599 
8293038 
8299467 
8305887 
8312297 
8318698 
8325089 
8331471 
8337844 


8344207 


8350561 
8356926 
8363241 
8369567 
8375384 
8382192 
8388491 
8394780 
840161 
8407332 
8413595 
8419848 
8426092 
8432328 


8444772 
8450980 
8457180 
846337¹ 
8469553 
8475727 
8481891 
8488047 


8247765 


8438554 


Artificial Numbers * Or, 


1 
8215790 


8222335 


8223869 
8235394 


8241929 


8248415 
8254919 
8261396 
8267872 
8274339 
8280796 
8287243 
8293681 


8300109 


8306 528 
8312937 
8319337 
8325728 
8332109 
8338480 
8344843 
8351196 
8357540 
8363874 
8370199 
8376516 
8382822 
83891 20 
8395409 
8401688 
8407959 
8414220 
8420473 
8426716 
8432951 
8439176 
8475293 
8451601 
8457800 
846 3990 
8470171 
8476343 
8482507 
8488662 


8216445 
8222989 


8229522 
8236046 


8242560 
8249065 
8255559 
8262044 
8268519 
8274985 
8281441 
8287887 
8294324 
8300752 
8307169 
8313578 
8319977 
83 26 366 
8332746 
8339117 
8345479 
8351831 
8358174 
8364507, 
8370832 
8377147 
8383452 
83897 50 
8396037 
8402316 
8408585 
8414846 
8421098 
8427340 
8433574 
8439798 
8446014 
8452221 
8458419 
8464608 
8470789 
8476960 
8483123 
8489277 


7 


3 


8217100 
8223643 


8230175 
82366 98 
8243211 
8249715 
8256208 
8262692 
8269166 
8275631 
8282086 
8288532 
8294967 
8301 394 
8307811 
8314218 
8320616 
8327005 
8333384 
8339754 
8346114 
8352465 
8358807 
8365140 
8371463 
8377778 
8384083 
8390379 
8396666 
8402943 
8409212 
8415472 
8421722 
8427964 


8434197 


8440420 
8446635 
8452841 
8455038 
8465227 
8471406 
8477577 
8483739 


8489892 


—* 
8217755 
8224296 
8230828 
8237350 
8243862 
8250364. 
8255857 
8263340 
8269813 
8276277 
8282731 
8289176 
8295611 
8302036 
8308452 
8314858 
8321255 
8327643 
8334021 
8340390 
83467 50 
83531 
8359441 
8365773 
8372095 
8378409 
8384713 
8391008 
8397294 
8403571 
8409838 
8416097 
8422347 
8428588 
8434819 
8441042 
8447256 
8453461 
8459658 
8465845 
8472024 


8484355 


| 8490507 


8478193 


—— 
. 


2 


1 7 


8224950 
8231481 


8244513 
8251014 
8257506 
8263988 
8270460 
8276923 
8283376 


8296254 
8302678 
8309093 
8315499 
8321895 
8328281 
8334659 
$341027 
8347385 
8353735 
8360075 
8366405 
8372727 
8379039 
8385343 
8391637 
8397922 
8404198 
84 10465 
8416722 
8422971 
8429211 
8435442 


8447877 
34 54981 
8450277 
8466463 
8472641 
8478810 
8484970 
8491122 


8218409 


8238002 


8289820 


8441664 


* garith „t (to 7069 0 
| 7 


6 
8219064 


8225603 


8232133 
8238653 
8245163 
8251664 
82581 54 
8264635 
8271107 
8277569 
8284021 
8290463 
8296896 
8303320 
8309734 
8316139 


8322534 
8328919 


8335296 


8341663 


8348021 
8354369 
8360708 
8367038 
8373359 
8379670 
8385973 
8392266 
8398550 
8404825 
8411091 
8417348 


8423596 


8429735 
8436065 
8442286 
8448498 
8454701 
8460896 


8467081 


8473258 
8479426 
8485586 
8491736 


8219718 
8226257 
8222786 
8239305 
8245814 
8252313 
8258803 
8265283 
8271753 
8278214 
8284665 
8291107 
8297539 
8303962 
8310375 


8323173 
8329558 
8335933 
8342 299 
83486 56 
8355003 
8391341 
8367670 
8373990 
8380301 
8386602 
8292895 
8299178 
8405452 
8411717 
8417973 
8424220 
8430458 
8436687 
8442907 
8449119 
8455321 
8461515 
8467700 
8473874 
8480043 
8486201 


8492351 


8316778. 


8220372 
8226910 
8233438 


8239956 


8246464 
8252963 
8259451 
8265931 
8272400 
8278860 
8285310 
8291751 
8298182 
8304603 
8311016 
8317418 
8323812 
8330195 
8336570 
8342937 
8349291 
8355638 
8361975 
8368303 
8374622 
8380931 
— wor 

393523 
8399806 
8406079 
8412343 
8418 598 
8424844 
8431081 
8437310 
8443529 
8449739 
8455941 
8462134 
8468318 
8474493 
8480659 
8486817 
8492965 


| 


| 


41 2 

8221027 
8227563 
8234090 
8240607 
8247114 
8253612 
8260100 


8266578 


8273046 
8279505 
8285955 
8292394 
8298824 
8305245 
8311656 
8318058 
8324450 
8330833 
8337207 
8343571 
8349926 
8356272 
8362608 
8368935 
8375253 
8381562 
8387861 
8294152 
8400433 
8406706 
8412959 
8419223 
8425468 
$431705 
8437932 
8444150 


8450360 | 


8456561 
8462752 
8468935 
8475110 
8481275 
8487432 
8493580 


— 


— 


— 


K 

8494 194 
8500333 
8506462 
8512583 
8518696 
8524800 
8530895 
8536982 


8543060 


8549130 
8555192 
8561244 
8567289 
8573325 
8579353 
8585372 
8591382 


| 8597386 


8603380 
8609366 
8615344 
8621314 
8627275 
8633229 
8639174 
8645111 
8651040 
8656961 
8662873 
8668778 
8674675 
8680564 
8686444 
8692317 
8698182 
8704039 
8709888 
8715729 
8721563 
8727388 
8733206 
8739016 
8744818 


8750613 


Artificial Numbers: Or, 


e 
8494808 
8500946 
8507075 
8513195 
8519307 
8525410 
8531504 
8537590 
8543668 

8549737 
8555797 
8561849 

8567893 

8573928 

8579955 

8985973 
8591984 
8597985 
8603979 
8609964 
8615941 
8621910 
8627871 
8623823 
8639768 
8645704 
8651632 
8657552 
8663464. 
8669368 
8675264 
8681152 
8687032 
8692904 
8698768 
8704624 
8710473 
8716313 
8722146 
8727970 
8733788 
8739597 
8745398 
18751192 


2 


8495423 
8501559 
8507687 
8513807 
8519917 
8526020 
8532113 
8538 198 
8544275 
8550343 
8556403 
8562454 
8568497 
8574531 
8580557 
8586575 
8592584 
8598585 
8604578 
8610562 
8616539 
8622507 
8628467 
8634418 
8640362 
8646297 
8652225 
8658144 
8664055 
8669958 
8675853 
8681740 
8687620 
8693491 
8699354 
8705209 
8711057 
8715897 
8722728 
8728552 
8734369 
3740177 
8745978 
| 87517971 


3 
8496037 
8502172 
8508300 
8514418 
8520528 
8526629 
8532722 
8538806 
8544882 
8550949 
8557008 
8563059 
8509101 
8575134 
8581159 
8587176 


18593185 


8599185 
8605177 
8611160 
8617136 
8623103 
8629062 
8635013 
8640956 
8646890 
8652817 
8658735 
8664646 
8670548 
8676442 
8682329 
8688207 
8694077 
8699940 
8705795 
8711641 
8717480 
872331¹ 
8729134 
873495 


8740757 


4 ö 
8496651 
8502786 
8508912 
8515030 
8521139 
8527239 
8533331 
8539414 
854548 
8551556. 
8557614 
8563663 
8569704 
8575737 
8581761 
8587777 
8593785 
8599 
8605775 
8511758 
8617733 
8623699 
8629658 
8635608 
8641550 
8647483 
865340 
8659327 
8665236 
8671138 
8677031 
8682917 
86887 94 
8694664 
87005 26 
8706380 
8712226 
8718064 
8723894 
8729715 
8735531 
| 8741338 


8746557 8747137 
8752349 


— 


8752928 


Y 
8497264 
8503399 
8509524 
8515641 


8521749 


8527849 
8533940 
8540022 
8546096 
8552162 
8558219 
8564268 
8570308 
8576340 
8582363 
8588379 
8594385 
8600384 
8606374 


8612356 


8618330 
8624296 
8630253 
86 36202 
8642143 
8648076 
8654001 
86 59918 
8665827 
8671728 
8677620 
8683505 


8689382 


8695251 
8701112 
87c6565 
9712810 
8718647 
8724476 
8730298 
8736112 
8741918 
8747716 


8753507 


8504011 


85101368 
8516252 


8522359 
8528458 
8534548 
8540630 
8546703 
8552768 
8558824 
8554872 
8570912 
8576943 
8582965 
8588980 
85 94.986 
8600983 
8606973 
8612954 
8618927 
86 24892 
8630848 
8636797 
8642737 
8648669 
8654593 
8660509 
8666417 
8672317 

78209 
8684093 
8689969 
8695837 
8701697 
8707549 
8713394 
8719230 
8725059 
8730880 
8736693 
8742498 
8748296 


8535157 
8541238 
8547310 
8553374 
8569429 
8555476 
8571515 
8577545 
8583567 
8589581 
8595586 
8601583 
8607571 
8613552 
8619524 
8625488 
8631443 
8637391 
8643331 
8649262 
8655185 
8661 
8667008 
8672907 
867 8798 
8684681 
8690556 
8696423 
8702283 
8708134 
8713978 
8719814 
8725641 
8731461 
8737274 
8743078 
8748875 


8754664 


849910 
8505237 
8511360 
8517474 
8523580 
8529677 
8535705 
8541845 
8547917 
8553980 
5 
8566081 


8572118 


8578148 
8584139 
8590181 
85961 86 
8602182 
— 
6141 

3 
8626084. 
8632039 
8637985 
8643924 


8649855 86 


8655777 
8661691 


8067598 
8673490 
8679387 
8685 269 
8691143 
8697010 
8702868 
8708719 
8714562 
8720397 
8726224 
8732043 
8737855 
8743658 
8749454 
8755243 


— — 


9 


8499719 
8505850 
8511972 
8518085 


8524190 


8530286 
8536374 
8542453 
8548524 
8554585 
8560640 
8556685 
8572722 
8578750 


8584770 | 


8590782 
8596786 
8602781 


8608768 


8614747 
8620717 
8626679 
87 32634 
8638580 
8044517 
50447 
8656369 
8662 282 
8668188 
8674086 
86 9975 
8685857 
8691730 
8697596 
8703454 
870904 
8715146 
8720980 
8726806 
9732625 
8738435 
8744238 
8750034 
8755821 


— 
: 


| 8754086 


Nat 
751 
752 
753 


754 
755 


ural 
Numbers. 


* 


9 


8756399 
8762178 
| 

773713 
8779469 
8785218 
8792959 
8796692 
8802418 
8808136 
8813847 


8819550 


8825245 
8830934 
8836614 
8842288 
8847954 
8853612 
8859263 
8864907 
8870544 
8876173 


8881795 


8887410 
8893017 
8898617 
8904210 
8909796 
8915375 
8920946 
8926510 
8932068 
8937618 
8943161 
8948697 
8954225 
8959747 
8965462 
8978770 
8976271 
8981765 
8987252 
8992732 
8998205 


Artificial Numbers: Or, 


8756978 
8762756 
8768526 
8774289 
8780045 
8785792 
8791532 


— 


02990 
8808707 
8814417 
8820120 
8825815 


8831502 


8837182 
8842855 
8848520 
8854178 
8859828 
886 5471 
8871107 
8876736 


8887971 
8893577 
8899177 
8904769 
8910354 
8915932 
8921503 
8927066 
8932623 
8938172 


8949250 
8954778 
8960299 
8965813 
8971320 
8976821 
8982314 
8987800 
8992279 


8998752 


8882357 


894.3715 


8757556 
8763333 


8769103 


8774865 
8780620 
8786 367 
8792106 


8797838 


8803562 
8809279 


8814988 


8820689 
8826384 
8832070 
8837750 
8843421 
8849086 
5854743 
8860293 
8366035 
8871670 
8877298 
8882918 


8888532 


8894138 
8899736 
8905328 


8910912 


8916489 
8922059 
8937622 
8933178 
8938727 
8944268 
8949803 
8955330 
8960851 
8966364 
8971871 
8977270 
8982863 
8988348 
8993827 
8999299 


— 


3 


8758134 
8763911 | 
8769680 


87544¹ 


8781195 
8786941 
87926 

8798411 
88041 34 
8809350 
8815558 
8821259 
8826953 
8832639 
8838317 
8843988 
8849652 
8855308 
8860957 
8866599 
8872233 
8877860 
8883480 
8889093 
8894698 
8900296 
8905887 
8911470 
8917047 
8922616 


8928178 


8933733 
8939281 
8944822 
8950356 
8955883 
8961403 
8966915 
8972421 
8977920 
8983412 
8988897 
8994375 


8999846 


8770256 


8934288 


3 
8758712 
8764488 


8776017 


8781770] 


8787515 
8793253 
8798983 
8804706 
8810421 
8816129 
8821829 
8327522 
8833207 


8838885 


8844555 
88 50218 
8855874 
8861522 
8867163 
8872796 
8878423 
8884042 
8889653 
8895258 
8900855 
8906445 
891 2028 
8917604 
8823173 
8928734 


8939836 


8945376 
89509 


8956435 
8961954 
8967466 
8972971 
8978459 


8983960 


8989445 
8994922 


ö 


— 
% 


9000392 


: 


8918161 


| 8995469 


8956987 


8984509 


8923729 
8929290 
8934843 
8940390 
8945929 
8951462 


8962506 
8968017 
8973521 
897901 9 


8989993 


8759868 
8765642 
8771409 
87577168 


| 8782919 


8788663 


879400 


8800128 
8805850 
8811563 
8817269 
8822968 
8828659 
8834343 
8840019 


8845688 
18851250 
4 8857004. 


8862651 
8868290 


| 8873922 
18879547 


8885 165 


4 8890775 


8896378 
8901 974 
8907562 
8913144 


| 


8918718 


8924285 
8929846 
8935398 
8940944 
8946483 
895 2015 
8957539 
8963057 
8968568 
8974071 
8979568 
898 5058 
8990541 
8996017 


9000929 | 


9501486 


 Logarithms (to 
6 


7 


8760445 
8766219 
8771985 
8777743 
8783494 


8794973 
8800701 
2 
88121 

8817848 
8823537 
8829228 
8834911 
8840586 
8846255 
8851915 
8857569 
8863215 
8868854 
8874485 
8880109 
8885726 
8891336 
8896935 
8902533 
| 8908121 
8913702 
8919275 
8924842 
8930401 
8935953 
8941498 
8947037 
8952567 
8958092 
8962608 
8969118 
8974621 
8980117 
8985606 


8991089 
8996564 
9002032 


7949.) 


8789237 


| 


8778319 
8784069 
8789811 
8795546 
8801273 
8806993 


18812705 


8818410 
3824107 
8829797 
8835479 
8841154 
8846821 
8852481 
8858134 
8863779 
8869417 
8875248 
8880671 
8886287 


8897498 
8903092 
8908679 
8914259 
8919832 
8925398 
8930957 
8936 508 
8942053 
8947590 
8953120 
8958644 
8964160 
8969669 
8975171 
8980667 
8986155 
2991636 
8997111 


9002579 


8881233 
8891896 


8925954 
89315120. 


8937063 


| 9203125 


8 


8761023 876160t | 
8766796 9767373 
8772561 8773137 
8778894 | 


8784643 
87 90385 
8796119 
8801846 
8872477 
8813275 
8818980 
8824676 
8830365 
8836047 
8841721 
8847397 
8853047 


| 8858699 


8863343 
8869980 
8875510 


8886848 


8892457 
8898058 


8903651 | 


8909238 


8914817 | 
8920389 | 


=< 3 — F* - 


8942607 
8948143 
8953673 
8959195 
8964711 
8970219 
8975721 
8981216 
8986703 
8992184 
8997658 


* 


2 
” 


2 


E 
9003671 
9009131 


19014583 


9020029 
9025468 
9030900 
9036325 


9047155 
9952560 
9057960 
9063351 
9568735 
9974114 
9079485 
9084850 
9090209 
| 9095560 
| 91009095 
9106244 
9111576 
9116902 
9122220 
9127533 
9132839 
9138139 
9143432 


| 9148718 


| 9153998 


9159272 
9164539 
9169800 
9175955 
9180303 
9185545 
9190781 
9196010 
9201233 
92064 50 
9211661 
9216855 
9222063 
9227255 


9232440 


9941744. 


Artificial Numbers: Or, 
1 2 > 


9004218 
9009670 
9015128 
9020573 
9026011 


ol 1744 
122752 
9128004. 
9133369 
9138668 
9143961 
9149246 
9154526 
9159799 


9170326 


9180828 
| 9186069 
9191304 
9196533 
9201755 
9206971 
9212181 
9217385 
9222582 
9227773 
9232958 


9165066 


9175580. 


9004764 
9010222 
| 9015673 
9021117 
| 9026555 
9031985 
9037409 
9042827 
9048237 
9053641 
9059038 


| 9064428 


9069812 
9075188 


| 9085922 
| 9091279 
9096630 
9101974 
9107311 
9112642 


— 


9123234 
9128595 
9133899 
9139198 
9144489 
9149775 


9160326 
9165592 
9170852 
9176105 
9181352 
9185593 
9191827 
9197055 


9207493 
9212702 


9217905 


9228292 
9233477 


9080559 


9117966 


9155054 


9202277 


9223102 


3 


90053 ·0 
9010767 
9016218 
9021661 
9027098 
9032528 
9037951 
9043368 
9048778 
9054181 
9059577 
9064967 
9070350 
9075726 
908 1095 
9086458 
9891815 
9097165 
9102508 
9107844 
9113174 
9118498 
9123815 
9129126 
9134430 
9139727 
9145018 
5150303 
9155581 
9160853 
9166118 
9171378 
9176630 
9181877 
9187117 
9192350 
9197578 
9202799 
9208014 
9213222 
9218425 


9223621 


9228811 


9005856 
9011313 
9016762 
9022205 
9027641 
9033071 
9038493 
904 3909 
9049318 
9054721 
90601 16 
| 9065505 
9070887 
| 9076263 
| 9081632 
| 9086994 
9092350 
| 9097699 
9103042 


9113707 
9119030 
9124346 
9129656 
9134960 
9140257 
9145547 
9150831 
9156109 
9161380 
9166645 
9171903 
9177155 
9182401 
9187640 
9192873 
9198100 
9203321 
9208535 
9213743 
9218945 


] 


8 


9224140 
9234513 


9108378 |- 


— vZ— 


3 


9233995 


— 


| 994 


. 
9006 4.02 
9011858 
9017307 
9022749 
9028185 
9033613 
9039035 
50 
9049859 
905526 T 
9060655 
9066044. 
907 1425 
9076800 
9082169 
9087539 


' | 9092885 


909823 
910357 


9114240 
' 91 19562 
| 9124878 


15130187 


9135490 
9140786 
| 9146076 
9151359 
9156636 
9161907 
9167171 


9177680 
9182925 
9188164 
9193396 
9198623 
9203842 


| 9209056 


9214263 
9219465 
"9224659 


9229848 
9235031 | 


9108911 


9172429 


; 


9219984 


rente (10 9 


9006948 
901 2403 
9017851 
9023293 
9028728 
9034156 | 
9039577 
9044992 
9050399 
9055800 
9061195 
9066582 
9071963 

9077337 | 
9082705 
9088066 


9993420 | 


9199145 
9204364 
9209577 
9214784 


9225179 


| 9168223 


7 
9007494 
9012948 
90 18396 
9023837 
9029271 
9034698 
9040119 
9045533 
9050940 
9056340 
9061 734 
9067121 
9072501 
9077874 
9083241 
9088602 
9093955 
9099303 
9104643 
9109977 
9115305 
9120626 
9125940 
9131248 
9136549 
9141844 
9147133 
9152415 
9157691 
9162960 


9173479 
9178730 
9183973 
9189211 
9194442 
9199667 
9204886 
921co098 
9215304 
9220504 
9225698 
9230885 


9008039 
9013493 
9018940 
92524381 
9029814 
9035241 
9040661 
9046073 
9051480 
9056880 
9062274 
9067659 
9073038 
9078411 
9083778 
9089137 


9110510 
9115837 
9121157 
9126471 
9131778 
9137079 
9142373 
9147661 
9152943 
9158218 
9163487 
9168749 
9174005 
9179254 
9184497 
9189734 
9194965 
92CO189 
9205407 


9210619 


9215824 
9221024 
9226217 

231404 


9008585 
9214038 
9019485 
9024924 
9030357 
9035783 
9041202 
904661 5 
9052020 
9057419 
9062812 
9068197 
9073576 


9084314 
9089673 
9095025 
9100371 

9105710 


9111043 


9116369 
9121689 
9127002 
9132309 
9137609 
9142903 
9148190 
9153471 
9158745 
9164013 
9169275 
9174530 | 
9179779 
9185021 
9190258 
| 91 95488 
9200711 
9205929 
9211140 
9216345 
92210543 
9226736 
9231922 


9230367 9 
| 9235549 | 9236066 | 9236584 | 9237102 
E 


— 


9078948] - 


— 
* 


# # 
1 * 
„ 

= 


9242793 
9247960 
9252121 
9258276 
9263424 
9268567 
9273704 
9278834 
2283959 
9289077 

9294189 
9299296 


9309490 
9314579 
9319661 
9324738 
9329808 
9334873 

9339932 
9344984 
1 9350032 
1 9355073 
9360108 
9365137 
9370161 
9375179 
9380191 
9385197 


9395193 


9410142 
9415114 


| TY 9420081 q 


9425041 
9429996 


9439809 


| 9449759 


9237620 


9304390 


9390198 


9400182 
9405165 


9434945 
444827 


9454686 


Artificial Numbers: Or, 


9238137 
9243310 


9248476 


9253637 
9258791 

9263939 
9269081 

9274217 
9279347 
9284471 

9289588 
9294700. 
9299806 
9304906 


5309999 


9315087 


9320169 


9325245 
9330315 
9335379 
9340427 
9345489 
9350536 


9355576 
9360611 


936 5640 
9370663 
9375680 


9380692 
9385697 


9390697 
9395692 
9400680 
9405663 
9410640 
9415611 


9420577 


9425537 
9430491 
9435440 
9440383 
9445320, 
9450252 
9455178 


9455671 
— 


2 
9238655 
9243827 
9248993 
9254152 
9259306 
9264453 
9269595 


9274730 


9279859 
9284983 
9290100 
9295211 
9300316 
9305415 
93 10508 


9315595 


9320677 
9325752 
9330822 
9335885 
9340943 
9345 994. 
9351040 
9356080 
9361114 
9366143 
937 165 
9376 182 
938119 
938619 


9391197 


9396191 


9401179 | 


9406161 
9411137 


9416108 


9421073 
9426032 
9430986 
9435934 


9440877 - 


9445814 
9450745 


41 

9239172 
9244344 
924.9509 
9254668 
9259821 
9264968. 
9270109 
9275243 
9280372 
9285495 


9290611. 


9295722 
93co826 


9305925. 


9311077 


2316104 
9321185 
9326259 
2321328 
2244225 
9341448 
9346499 
9351544 
9356584 
9361617 
9366645 


9371667 


9376683 
9381693 
9386698 
9391697 
9396690 
9401677 
9406659 
9411635 
9416605 
9421569 
9426528 
9431481 
9436429 
9441371 
9446307 
9451238 


9244860 
9250025 


| 9260336 
9270622 


9280 


9 


9336897 
9341933 
9347004 
9352 
9357 
9362120 
9367148 


937216914 


9377184 
9392196 
9397189 


9407157 
9412132 


9441865 
9446800 


' 4 7 
9239690 


9265482 | 


9275757 | 
9280885 


9382194 | 
9387198 


9402176 


9417101 
9422065 
94270244 
9431976 

9436923 | 


| 9451730 | 
[9456163 | 9456655 | 


9255184 | - 


92911234 
9296233 
9301336 : 
9306434 
9311526 
9316612 

1555 | 
9326767 | 
9331835 


7 


1 


3 
9240208 
9245377 
9250541 
9255699 
9260851 
9265995 
9271136 
9276270 


9286518 


9296743 
9301 847 
9306944 
9312035 
9317121 
15322200 
9327274 
9332341 
9337403 
9342459 
9347509 
9352553 
9357591 
9362623 
9367650 
9372671 
| 9377686 


867 | 9382695 


- | 9387698 
9392696 
19 397688 
. | 2492674 
9407654 
9412629 
9417598 
| 9422561 
- | 9427519 
9432471 
9437418 
9442358 
9447294 
9452223 


9281397 
9291634 


* 


— 


| 


81 
9240724 
9245894 
9251057 
9256215 
9261366. 
9266511 
9271650 
9276783- 


9281909 


9287030. 
9292145 
9297254 
9302357 
2307453 
9312544 
9317629 
9322708 


9327781 


9332848 
9337909 
9342964 
9348013 
9353057 
7358095 

9363126 
9368152 
9373172 
9378187 
9383195 
9388198 
9393195 
9398187 
9403172 
92408152 
9413126 
9418095 

9423058 
9428015 
9432966 
9437912 
9442052 
9447787 
9452716 


unn 


T7 
9241246 
9246410 
9251573 
92597 30" 
9261880 
9267025 
9272163 
927 7296 
9282422 
9287542 
9292656 
9297764 
9302866 
9307963 
9313033 
9318137 
9323215 
9328288 
9333354 
9338415 
9343469 | 
9348518 | 
9353561, 
9358598 
9363629 
9368655 
9373674 
9378688. 
9383696 
9388698 
9393695 
9398685 
9403670 
9498650 
| 9413623 
9418591 | 2 
9423554 
94285 10 
9433461 
94 38406 
9443346 
9448280 
9453208 


9457639 


8 11 


9241759 
9246927 
9252689 
9257245 
9262395 
9267539 
9272677 
9277808 
9282934 
2288972 
9293167 
9298275 
9303376 
9308472 
9313561 
9318645 
9323723 
9328795 
9333860 
9330920 
9343974 
9349022 
[9354065 
9359101 
9364132 
9369157 
93741 
9379189 
93 1190 
9389198 
9394194 
7399184 
9404169 
9499147 
9414120 
9419088 
9424049 
9429005 
9433956 
9438 900 
9443840 
9448773 
9453701 


9458131 


9458623 


—_— 


: 


5 


| 


| 9444333 


9459115 


98359605 
9364635 
93696 59 


l 
9242276 
9247 
9252605 
9257761 
$262910 
| 9263053 
| 9273190 
9278321 
9283446 
9288565 | 
9293678 | 
| 9298785 
5303886 f 
9308981 
9314070 
93191531 
2324230 
9329301 | 
9334367 | 
9339426 | 
9344479 
9349527 
9354569 


i 


9374677 
9379690 
9384697 
9389698 
9394693 
9399683 
9494667 
9409645 
9414617 | 
| 9419584 | 

9424545 

9429501 
9434450} 
9439395 


9449266 
8454193 


| 5457147 


3 — 7 


0 


9464523 
9469433 
9474337 
9479236 


8484130 


9489018 


| 9493900 


9498777 
9503649 
95708515 
9513375 
9518230 
9523080 
9527924 
9532763 
95375797 
9542425 
9547248 
9552065 
9556877 


19590414 


9595184 
| 95999 
9604708 
9609462 
9614211 
9618955 
9623693 
9628427 
9633155 
[9637878 
9642596 


9652017 


| 9656720 | 
' [9661417 | 


9459607 


"Artificial Numbers: Or; 


2 
9460099 


9469923 
9474827 
9479726 
948461 9 
9489506 
9494388 
9499264 


9547730 
9552547 
9557358 


9647309 | 96 


9562165 


' 9566966 


9576552 
9581337 
9586117 
9590891 
| 9595660 


48 | 9500425 


9605183 
9609937 
9614686 
9619429 
962407 


946 50¹4 


9504135 


9628900 


| 
| 
| 
ü 


2 


9450591 


946 557% 
9470414 
9475317 
9480215 
9485108 
9489994 
9494876 
8499752 
9504622 
9509487 
9514347 
9519201 
9524049 
9528893 
9533730 
9538563 
9543390 
9548212 
9553028 
9557839 
9562645 
9567445 


92572241 


9577030 
9581815 
9586594 
9591368 
9596137 
9600901 
9605659 
9610412 
9615160 
961 9903 
9624640 
96 29373 
96 24 too 
5638822 
9643539 
9648251 
96 52958 
9657660 
96623255 


(9667048 


3 

9461082 
9465996 
9470905 
9475807 
9480705 
9485597 
9490483 
9495364 
9500239 
9505109 
9509973 
9514832 
951 9586 


—— 


9524534” 


9529377 
9534214 
9539946 
9543872 
9548694 
9553510 
9558320 
9563125 
9567925 
58572720 
9577509 
9582293 
95 87072 
| 9591845 
9596614 
9601377 
9606125 
9610887 
9615635 
9620377 
9625114 
9629846 


9634573 


9539294 
9644011 


9648722 
| 9653428 


| 9658130 
9662826 


9553991 


9558801 | 
9563605 | 
9568405 | 


9573199 
9577988 
9582771 
9587549 
9592322 
9597990 
9601853 
9606610 
9611362 
9616109 
9620851 
9625587 
9630319 
9635045 
9639766 
9644482 
9647193 


— — 


S 


—_ TT” 


9653899 
9658599 
9663295 


9666110 


9667517 


9667985 


xt 
9462066 


| 9466978 


947 1886 
9475787 
9481684 
9486574 
9491450 
9496330 
9501213 


{ 9596082 


' 95 10946 | 
9515803 


9520656 
9525503 


93 39345 


| 9535081 
| 9540012, 


9544837 
9549657 
95 54472 
95 59282 


| 9564086] 9 


950008] 
9573678 

9578466 
9583249 | 
9588027 
9592799 
9597567 
9602329 
9607086 | 
9511827 


| 9516583 


9621325 
9626061 
9630792 
9635517 

9640238 
3044955 
9549664 
9654369 
9659069 


| 9668454 


9663764 


ien ere, | 


6 l 

9462557 
9467469 
9472376 
9477277 
9482173 
9487063 
9491948 
9496827 
9501701 


9511432 
9516289 
9521141 
9525987 
9530828 
9535664 
9540494 | 
9545319 
9550139 
9554953 
9559762 
9564566 
9569354 
9574157 
| 9578945 
9583727 
5588505 
9593276 
9598043 
| 9602805 
960756I 
9612312 
9617058 
9621799 
9626534 
9631264 
9635990 
9640710 
9645425 
9650134 
9654839 
9659539 
9664233 


9668923 


9506569 


9463048 
9467960 
9472866 | 
| 9477767 
9482662 
9487552 | 
9492436 
8497314 
9502188 
9507055 
9511918 
95 16774 
9521626 
9526472 
9331312 
9536147 
9540977 
9545802 
9550621 
9555434 
9560243 
9565046 
956984 4 
9574636 
9579423 
9584205 
9588982 
9593754 
9598520 
9603280 
5608036 
9612787 
9617532 
9622272 
9627007" 
9631737 
9636462 
58641181 
9645896 
9650605 
8655309 
9660009 | 
| 9664703 


9669392 


— 


| 0485540 
9468451 
8472357 
| 9478257 | 
9483151 
9488040 
9492924 
9497802 
9502675 
9507542 


9517260 
9522101 
2526956 
9531796 
9536637 
95414 

| 9546284 
"9551102 
9555515 
9560723 
9565526 
9570323 
9575115 
| 9579902 | 
9584687 | 
9589459 
9594230 
9598996 
| 9603756 
9608511 
9613261 
9618006 
9622746 
9627481 
9632210 
9636934 
9641653 
9646367 
9651076 
| 9655780 
9660478 
9665172 


9669860 


— —— 


9512424 | 


£ 


9 


9464631 
9468942, 


9483641 
9488529 
| 9493412 
9498290 
9503162 
9508028 
9512889 
9517745 
9522595 
9527440 
9532280 
9537114 
9541943 
9545766 
9551584 
9556397 
4p. 

9566006 
| 9570803 
9575594 


— 


961 


9627954 
9532683 
96 37406 
9642125 
9646838 
9651546 
9656289 
9660948 
9665541 


9670329 


9473847 
9478747 


9580380 | 
95851611 
9589937 
9594707 | 
9599472 
9604232 | 
9608987 | 
961373614 
811 
9623220 | 


—— 


1 Og 


9670797 


9675480 


9680157 


0 684829 


2 — — 


. 
» 9 m 


ttt... 


9689497 
9694 159 


9698816 


9703469 


9708116 
9712758 
717396 


9722028 
9726656 


19731278 
9735896 


9749509. 
9745117 
9749720 
9754318. 
975891 1 
9763540 
9768083 


19772662 


9777236 
9781805 
9786369 


790929 
9795484 


9800034 


5804579 


9809119 
9813655 


158818186 
9822712 


1827234 


9831751 


1 9836263 


9840770 


1] 9845273 
| 9849771 
9854265 


9858754 
9863238 


9867717 


1 


F > 


PR} 


9675948 
9689625 
9585296 
9689963 


9594625. 


9699282 
9102934 
9708581 
9713222 
9717859 
9722491 


9727118 


| 


9731741 
9736358, 
97492979 | 


9745571 


| 


| 


9750180 
9754778 
9759370 
9753958 
9768541 
9773120 
9777693 
9782262 
$786826 
9791385 
9795939 
9800488 


9805033 


þ 


= 


9809573 
9814108 
9818639 
9823165 
9827686 
9832202 
9836714. 
9841221 
9845723 


| 9850221 


9854714 
9859202 
986 3686 


Number 


| 9868165 


. 
2 0 


brand 
9576416 
9681092 
9685763 
9090430 
909 5091 
9699747 
9704399 


Or, 
+ 


9672203 
9676883 
9681559 
9686230 
9690896 
9095357 
9700213 


974, 9045 | 
9714159 
9718323 
9723417 
9727781 


9713686 
9722954 
97 32202 : 


9736819 
974143 


4 
9746038 | 


9750640 
9755237 


9759829 
9764417 - 
| 9768999 


9773577 
5. 
9702718 
9787282 
9791840 
9796394 


 $800943 


9805487 
9810027 
9814562 
9819092 
9823617 
9828138 
9832654 
9837165 
9841671 
9846173 
9850670 
9855163 
9859651 
98641 34 


9868613 


970485 3 


9709509 
97138785 


9728043 


97 32664, 
9737281 
9744992 
9745498 
9751190 
9755695 
9760288 
9764875 
9769457 
9774035 
97780 
9783175 
9787738 
9792296 
9786849 
9801398 
9805942 
9810481 
9815015 
9819544 
9824069 
9828589 
9833105 
9837616 
9842122 
9846623 
9851120 
9855612 
9860099 
9864582 


9869000 


: 


—_— 


q 


4 * 


9672671 


9677351 


| 0682027 


9686697 
9691362 
9696023 
9700678 
9705328 
9709974 
9714614 
9719249 
9723880 
9728506 
9733126 


9756156 
9760747 
9765334 
9769915 
9774492 
9779964 
9783631 


9792751 
97304 
5251852 


9810 

981 5258 
9819997 
9824522 
982904 1 
9833556 


9847073 
9851569 
9856061 
9860548 
986 5030 


9869508 


97377424 
97423531 
9746959 
9751560] 


| 


* 


| 


4M - 


1 
** 22 „4 


9788: 94 | 


9806396 


9838066 
19842572 


1 


BAS; 
+ 97 
972 568 


þ 


| 


} 


þ 


. 
8673139 


- 
pg 


$677819 
968 


9691829 


9701143 
9705703 
9710438 
9715078 


9733588 | 
9738203 
9742814 
9747419 
7200 
| 9756615 | 
| 9754206 , 


9765792. 


"| 9770373 


| 9774950 


| 9719521 1 


978408 
97886 50 


9793207 
978759 


9802307 
9806850 
9811388 
9815921 
9820450 
9524974 
9829493 
9834007 
9828517 
9843022 


9847523 


9852019 
9856 510 
9360996 
9865478 


9869955 


> [9687164 | 


8 


ure 


0 
9678287 
9682961 
96876 30 


9692295 


| 9596954 


9701608 


5566258 


9710502 
9715542 


9720176 


5724805 
9729430 
9734950 
9738664 


9743274. 
5747879 
5772479 
9757075 | 


9761665 
,9766251 


9770831 | 


9775407 
9779978. | 97 
9784544 
9789106 
9793662 
9798214 
9802764 
5807 30 98077 
9811841 
9816374 
9820902 
9825426 
9839945 
. 


983 


9843473 
9847973 
9852468 
9856959 
9861445 
9865926 
9870403 


| 


: 


1 


| 


957 LE 
9679754 
9683428 
968809) 
9692761 
9697420 


9702074 


9796722 
9711365 
97 16005; 
| 9720639 
9725268 
9729892 
9734511 
9739126 
9743735 
9748 340 
9752939 
9757534. 
9762124 
9766709 


9771289 


4 
0435 
9785001 
9789562 
9794118 
4 Sp 

455d 


— Go 
9816827 
9821355 
9825878 
9830396 
9834910 
9839419 
9843923 
9848422 
9852917 
9857407 
9861893 


9866374 
— 


1 
9674544 


9679222 
9683895 
9688564 | 
9693227 


9697885 | 


9792539 | 
9707187 
9711830 
97 15409 

21102 


; 
9725731 


9730354 
9734973. 
9739587 ] 


9744196 


9748800 


| 9753399 
9751993-} 


9762582 
9767167 


t 
9675012 
9579690 
9624362) 


9689030 


9693693. 
9698351 
9703004 
97076 52 
9712294 
9716932 
9721565 
9726193 
9730816 
9735435 
| 9740048 
| 9744656 
974.9290 
9753858 
9758452 
9763041 
9767625 


9771747 | 9772204 
9776322 9776779 


9780892 
| 9785457 
9790017 
9754573 


9799124 
9803570 


58 980821 2 


| 
| 


9781348 
9785913 
9790473 
9795928 
9799579 


9804125 
- 9808666 


9812748 
9817280 


9821807 
9826330 
9830848 
9835361 
9839869 
9844373 
9848872 
9853366 
9857856 
9862341 
9866822 


5871298 


9813202 
9817733 


9822260 


9826782 
9831299 
9835812 
9840320 
9844823 
9849322 
9853816 
9858305 
986: 790 
9867270 


9871745 


. 
. 


\ 


| 


| 


— 


; 0 n 
9872192 
9876663 
9881128 
9885190 
9890046 
9894498 
9898946 
9903389 
9907827 
9912261 


| 9916690 


9921115 


9925535 


9929951 
9934362 
9938769 
9943172 
9947569 


9951963 


9956352 
9960737 
9965117 
9969492 
9973864 
9978231 
9982593 
9986952 
9991305 


9995655 


9872640 
9877109 
9881575 
9886035 
9890492 
9894 943 | 
9899390 | 
9903833 


2 


9877556 
9882021 
9886481 
9899937 
9895388 
9899835 
9904277 


9908270 | 9908714 


991 2704 
9917133 
9921557 
9925977 
9930392 
9934803 
9939210 
9943612 
9948009 
9952402 
9956791 
9961175 
9965554 
9969930 
9974301 
9978667 
9983029 


9987387 


9991740 


9913147 
9917575 
9921999 
9926419 
9930834 
9935244 
99396 50 
"9944051. 
9948448- 
9952041 
9957229 
9961613 
9965992 
9970367 
9974738 


9873087 


Arrißcia Numbers: Or, 
5 


= 
9873534 
9878003. 
9882467 . 
9886927 
9891 382 
9895833 
9900279 
9904721 
9909158 
9913590 
9918018 
9522441 | 
9926860 
9931275 
9935685 
9940090 
9944491 
994888 
99532 

9957668 
9962051 
9966430 


| 


"9975174 
9979540 
998 3901 
'9988258 
9992611 


9996959 


- 


0 ; © » * ? PF 
ie E3 
- BO. 

& 


9873981 


9878449 


988291 3 
9887373 
9891828 
9895278 


9900723 


9905164 
9909601 
bt FE 
991 

9922884 
9927302 
9931716 
9936126 
9940531. 
9944931 
9949327 
9953719 
9958106 


9962489 | 


9966860 


9970804 | 9971242 


9975611 
9979976 


9984337 | 


9988694 


9993046 | 


— 5 Y „ 


TICS 


| 


r „ a. ä 


—_— * —ͤ 


9996090 | 


9997393 


— (to 10000.) 


9 


Tt 2 


amend 5 | 7 8 9 
971 | 9874428 8 9875322 9875769 9876216 
972 | 9878896 | 9879343 | 9879789 | 9880236 | 9880682 
973 | 9883360 | 9883806 | 9884252 | 9884698 9885144 | 
974 | 9887818 | 9888264 | 9888710 | 9889155 | 9889601 
975 | 9392273 | 9892718 | 9893163 | 9893608 | 9294050 
976 | 9896722 | 9897167 | 9897612 | 9898056 | 9898501 
977 | 9901168 | 9901612 | 99020956 | 9902500 | 9902944. 
978 | 9905608 | 9906052 | 9906496 | 9906940 | 9957383 
979 | 9910044 | 9910488 | 9919931 | 9911374 | 9911818 
980 |] 9914476 | 9914919 | 9915362 9915805 | 9916247 
981 | 9918903 | 9919345 | 9919788 | 9920230 | 9920673 
982 | 9923326 | 9923768 | 9924210 | 9924651 | 9925093 
983 | 9927744 | 9928185 | 9928627 | 9929068 | 9929510 
984 | 9932157 | 9932598 | 9933039 | 9933480 | 9933921 
985 | 9936566 | 9937007 | 9937448 | 9937888 | 9938329 
986 | 9940971 | 9941411 | 9941851 | 9942291 | 9942731 
987 | 9945371 | 9945811 | 9946251 | 9946690 | 9947130 
988 | 9949767 | 9959206 | 9950645 | 9951085 | 9951524 
989 | 9954158 | 9954597 | 9955036 | 9955474 | 9955913 
990 | 9958545 | 9958983 | 9959422 9959860 9960298 
991 | 9962927 (9963365 9963803 | 9964241 | 9964679 
992 | 9967305 | 9967743 9968180 9968618 9969055 
993 | 9971679 | 9972116 | 9972553 | 9972990 9973427 
994 | 9976048 | 9976485 | 9976921 | 9977358 | 9977794 
995 | 9980413 | 9980849 | 9981285 | 9981721 | 9982157 
996 | 9984773 | 9985209 | 9985645 | 9986080 | 9986516 
997 | 9989129 | 9989564 | 9990000 | 9990435 | 9990879 
998 | 9993481 | 9993916 | 9994350 | 9994785 | 9995220 
999 | 9997828 | 9998262 9998697 | 9999131 | 9999566 
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TA B * 


or THE 


Paopoztional Parts 


OF THE 


DI FF E! RENCES 
LOGARITHMS. 


By which the forcgoing TAI ! is made to extend to 
the Logarithm of 100000, G | 


5 Tenth Parts of thoſe Differences. i 
— [ 557 
[i (Z.) 555 

3 I 2 N WW, 6 | A. | 9 
435 | 44187 | 130 | 174 | 218 | 261 | 305 | 348 | 392] 
436 | 44|87 | 131 | 174 | 218 | 262 | 305 | 349 | 39% 
438 | 44 | 88 | 131 | 175 | 219 | 263 | 307 | 350 | 394 
440 |-44 | 88 | 132 | 176 | 220 | 264 | 308 | 352 | 396 
1442 | 44 |88 | 133 | 177 | 221 | 265 | 309 | 354 | 398] 
[444 | 44 | 89 | 133 | 178 | 222 | 266 | 3ri | 355 4091 


| 446 45 | 39 | 134 | 178 | 223 | 268 | 312 | 357 40 
1448 | 45 |99 | 134 | 179 |. 224 | 269 | 314 | 358 | 403] 
450 | 45 [90 | 135 | 180 | 225 270 | 3I5 | 360 | 4095 
452 | 45 [99 | 136 | 181 | 226 | 271 | 316 | 362 | 407 
454 | 45 [91 | 136 | 182 | 227 | 272 | 318 | 363 | 409; 
| 456 | 46 91 | 137 | 182 | 228 | 274 | 319 | 365 | 41 
| | 137 | 183 | 229 | 275 | 321 | 266 | 412} 


= am Ate 


A 74 BLE of Proportional Parts. 


3 
* +4 
of 
* 


Tenth Parts of thoſe 


2, 


| #4 


-| 184 | 


185 
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1464 


1468 


1472 
1476 
1480 
1484 
1488 
1492 
1.496 
1500 
1504 
1508 
1512 
1516 
1520 
1524 
1528 
1532 
536 
1540 
1544 
1548 
1552 
1556 
1560 
1564 
1568 
1572 
1576 
1580 
1584 
1588 
1592 
1596 
1600 
1604 
1608 
1612 
1616 
1620 


1215 


* 
1830 
1835 
840 
1845 
1850 
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2196 
2202 
2208 
2214 
2220 
2226 


312232 


2238 
2244 
2250 
2256 
2262 


2268 


2274 
2280 
2286 
2292 
2298 
2304. 
23100 
2316 
2322 
2328 
2334 
2340 
2346 
2352 
2358 
2364 
2370 
2376 
2382 
2388 
2394 
2400 


1] 2406 


2412 
2418 
2424 


1242⁰ 


— 
1 7 | 
2562 


2569 
2576 
2583 
2590 


2597 


2604 
2611 


2618 


2625 


2632 


2639 


2646 


2653 
2660 


2667 
2674 


2681 | 


2688 
2695 


2702 | 
2709 


2716 
2723 
2730 
2737 
2744 
2751 
2758 
2765 
2772 
2779 
2786 
2793 
2800 
28 
2814 
2821 
2828 
2835 


— ww 


A TABLE of Proportional Parts. 


Logar. 


4060 
4070 
4080 
4090 
4100 
4110 
4120 
4130 
4140 


4160 
4170 
14180 
4190 
4200 
4210 
4220 
4230 
4240 
[4250 


© [4260 


4270 
4280 
4290 
4300 
4310 
4320 


4150 


406 
407 
408 
409 
410 
411 
412 
413 
4'4 
415 
416 
417 
418 
419 
420 
421 
4.22 
423 
424 
425 
426 
427 
428 
429 
430 


431. 


432 


Tenth Parts of thoſe Differences, 


+ 5 
1524 | 2030 


2 


812 
814 
816 
818 


820 


822 


| 


3 
1218- 
1221 
1224 
1227 
1230 
1233 
1236 
1239 
1242 
1245 
1248 
1251 
1254 


1257 
1260 


1263 
1266 
1269 
1272 
I275 
1278 
1281 
1284 
1287 
1290 
1293 


1296 


1628 
1632 
1626 


1668 


2035 
2040 
2045 
20 50 
2055 
2060 
2065 
2070 
2075 


2080 


2085 
2090 
2095 
2100 
2105 
2110 
2115 
2120 
2125 
2130 
2135 
2140 
2145 
2150 
2155 


2160 


, 


2436 


ö 


| 


2526 
2538 
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2442 
2448 
2454 
2460 
2466 
2472 
2478 
2484 
2490 
2496 

2502 
2508 
2514 
2520 


2532 
2544 
2550 
2556} 
2562 
2568 


2589 
2586 
2592 


7 
2842 
2849 
2856 
2863 
2870 


2877 | 


2884 
2891 
2898 
2905 
2912 
2919 
2926 
2933 
2940 
2947 
2954 
2961 
2968 
2975 
2982 
2989 
2996 


2574 3003 


3010 


3017 


3024 


The End of the Table of Parts Proportional. 
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Ser. II. Multiplication by Lines, three Ways, 345 
e 5 tne 4 HA R. vin 
Euntal Arithmetic. (See Plate 4) 


- 


. 


HIS fourth Species of Arithmetic is performed by Right 

Lines, ſo that Magnitude being here conſidered, it may be 
called Geometrical Arithmetic. | | 
2. A Right Line is properly defined to be the 


neareſt Diſtance between two Points, as the Line a | 5 
2 cb, Fig. 1 is the neareſt Diſtance between the - - 
oints a and 5. 


3. The Diſpoſition of the two principal Lines, by which this 
kind of Arithmetic is performed, are either in a Right Angle or an 
Oblique. | | : 

1 Right Angle is when one Line falls Perpendicular on ano- 
ther, as the Line ab (Fig. 2.) does on bc; but when two Lines 
meet not ſo, they form an Angle called Oblique, as the Angle de f 
(Fig. 3) by both which, Queſtions are anſwered. | 

As in Logarithms thoſe Artificial Numbers are not employed 
about the moſt eaſy and ſelf-evident Rules of Addition and Subſtra- 
Zion of Natural Numbers: So here by Lines I ſhall only ſhew how 
| Multiplication, Diviſion, the Rule of Proportion, with Extraction of 
Roots, are performed thereby. | | 


Sect. Il. Multiplication by Lines, three Ways. © 
1. What is the Product of 171 by 124? See Fig. 4. in the folded 

Sheet (A.) | 3 1 | CY 
To anſwer this, draw a Line at pleaſure, and ſet off 121 equal 

Parts as from à to h, from the Line of equal Parts. 

Then draw a perpendicular Line at pleaſure as bc, and ſet off 
from h to c 173. | | | 
Laſtly, Draw Lines between each equal Part, and the 3, Pa- 

rallel to (ab) and to (bc), then telling the ſeveral little Squares 

each of which is a Unit, you'll find 204 intire, and 17 and 12 Halves, 
or 14z which together, and the 4 at the Angle (c) make the Pro- 

W add kit by hat is, if you ſuppoſe eve 

ou would multiply 175 by 125, that is, if you ſuppoſe ev 

Vale i the Line (a h) to IP then 124 will = 125, and by 

y the 


346% Alvliiplication'dy Einer, brer Ways. CAT. VIII. 
the ſame Rule the Line bc will be 175, and by pang each 
little Square 100 (or 10 times 19, the Lines ab and bc being 10 
times as many as before) you'll find 20400 little Squares or Units, 
and 17 and 12 Fiftie (or 1430) and ag the 4th of 100 at the — 
(c), which added together, makes 21875 = the Product requir 


A ſecond Way to multiply by Lines. 


But before I proceed therein, it will be neceſſary to ſhew how to 
draw a Line Parallel to another, and through any Point aſſigned: 
So to draw a Line thr the Point (a) (See Fig. 5. Plmte A.) and 
Parallel to (mn), ſet the Foot of your * we in the Point, and 
extend the other to the Line m , ſo as to deſcribe the Arc cc juſt 
to touch the Line ; and with that Diſtance of the Feet ſer one 
in the Point (e) (or thereabout) and deſcribe the Arc (d d); then 
ys Ruler Snopes Ave to the Point a, and draw the Line p g, 
which is the Anſwer. | ip | 
1 2 Liurt, including an Obligue Angle as that (e dn, 

ig. 6. ' | 
What is the Product of 3.3 by 2.2? For anſwer, having made 
«an Angle at pleaſure, not too acute. 3 Soc 
. Rule.) Take a Line of equal Parts, and ſet off 1 from the Angle 
d to 2. Then ſet the Multiplicand from d to 3.5 on the other Leg 
(dn). 3dly, Set the Multiplier from 1 to 2.2. 4thly, Draw the 
Line 1 to 3.5, produced to about (m), for the better drawing the 
Line (2.2; 7.7) Parallel to (1, ); fo is the Diftance between 3.5 
and 7.7 the Anſwer, which meaſured upon the ſame Line of equal 
Parts, is found 7,7 = the Product. 
2. Or if you ſet the Multiplicand from 1 to bz and the Multi- 
from d to a, a Line (bc) drawn Parallel to (1, a) cutteth the 
roduct (a c) 7.7 as before. 

3. Or if you ſuppoſe the Factors 10 times as much, the Anſwer 

will be by the ſame Method 770. | 


. 6 A third Way to multiply by Lines. 

This fhews the Je of a Line of Numbers, or as tis often called 
Gunter's L.ine ; being a Line of Logarithms, as will appear by the 
De, Addition performing Multiplication ; Subſtraftion, the ort of Di- 
viſion; Diviſion, the Extraction of Roats, &c. 


This 


sSror. Il. Diufſun iy Lines, thre Mar. 747 

This uſeful line was the Invention of Mr Edmund Gunter, Pro- 
feſſor of Aſtronomy at Greſbam- College about the Year 1620; and it 
is a line divided into 10 une arts, and thoſe 10 Parts r | 
are called 20, 30, 40, &c. when the former Parts are called 1, 2, 


3z Se. FS | 
If the firſt 10 are Tens, The 2d ten Parts are 100's 
If che firſt 10 are Hundreds, The ad Radius are ſo many 
Ft (Thouſands, 
If you multiply 1 place by 2 places, The Product is ſo many 10's 
| (as the Figure denotes. 


As your own Experience will eaſily diſcover to you. See the 
making of this line near the End of Sect. 4th following. 

To . any 2 Numbers, as thoſe in the laſt Caſe 2.2 by 
3.5. See Eg. 7. Plate A. * 

Rule.] Extend the Foot of a Pair of Compaſſes (or other Mes- 
ſure) from t to 2.2, and that Extent reaches from 3.5 to 7.7; | 

2dly, Or the Extent from 1 to 3.5, reaches from 2.2 to 7.7. 

3dly, Or if you multiply 35 by 22: In this caſe, what is called 
x, 2, Fc. in the 1ſt part, muſt be ſuppoſed 10, 20, Ge. and what 
are 10th muſt be called Units, and if both Facłors be 10 or 
more each, the Product is Hundreds. So rhe Extent as before 
from 10 to 22, reaches from 35 to 770 ; for here 35 being multi- 
plied by a Number which is above 10, is fo many roo's and 10? 
as the Meaſure extends to; for your Inſpection ſhews, that 33 by 
10 is 350, Which is 3 places; and if for any Number of Tens, the 
like: And if the 2d Extent be beyond 10 on the line, it is ſtill ſo 
many Hundreds, as 30 by 50 is 1500, &c, . 

And Note, That whatever you call the larger Diviſions, the 
fmaller in the ſame Radius are a 1oth thereof, as is before hinted, 


and the contrary. 
Scr. III. Diviſions by Lines, three Ways. 


As I have ſhewed Multiplication by three different lines, and by 
each two ways; ſol intend to ſhew how to divide. 

Caſe 1.] What is the Quotient of 2184 by 171? See Fig. 4. 

The Dividend is repreſented by the ſeveral ſmall Squares and 
Parts in the Superficies a c, which if you divide by the ſide (4173) 
the Quotient will be one of the ſmaller fades a & or (17% c). 


Yy 2 | Fer 


ſor, and ma 
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For having divided a Line (a, 173) into 174, parts, your Divi- 
th] a little Square upon each rt, and half of one for 

the half; if you add to thoſe Squares at Right Angles ſo many as 
will make them 2184, and as many in one Row of Squares as 
another; you will then find that the Line including a Right Angle 
with (a 173) will - (a bh) which will contain 121 of thoſe ſmall 
Squares, and is conſequently the Quotient, becauſe that = 
multiplied in the Diviſor (a, 171) produceth the Dividend or Num- 
ber of ſmall Squares (a c) = 2183. And the ſame may be ſaid of 
other [ike hn and their Sides, whatever they be for Numbers. 


WE 4 frond Way ta divide Lino. 


| What is the Quote of 7. divided by 3.5? (Fig, 6. for I make uſe 
of the ſame Numbers as in Multiplication, to prevent Confuſion by a 
Multitude of prickt Lines.) 
1ſt, Take 1 from any T ne of equal Parts, and ſet off (4 1 
2dly, Set the Diviſor (d, 3.5) 0 from the ſame L. ine of rts. 
. 3dh,; Draw the Line (1, 3.5) and produce it to n, G. 
—_ Set your Dividend (7.7) from 33 towacds n, which extends 


to 7.7. 
. . 5ihly, Through that Point draw a Line parallel t to 01 I ) and it 
will paſs, through the Point 2.2 in.the Line (de), 

2 Take the Diſtance from 1 to 2. 35 — apply it fo your 
equal Parts, and you'll find it 2.2 = the F 

Or if you were to divide 7.7 by 2.2, the Diviths ſet from d to a, 
and the Dividend from @ to c: If a Line be drawn (1 @), and ano- 
ther parallel thereto through the Point c, that Line will paſs thro? 
+ in the Line de, and the diſtance (1 b) meaſured on the Em me Line 
of equal Parts, will be 3.3 = the Quote. 

Or if you divide 770 by 35, the Method is the ſame as the firſt 
of N and 27 by 22 the 712 as the ſecond E's viz. 35. And 
the like of other Numbers. 


A Og: to _ by Lines. dT ef 


Suppoſe by he Line: of Numbers F'Y 7. Plate 4 you Would 
divide 770 by 22. Extend the Compaſſes from to to 22 (callin 
thoſe 10, Sc. in the firſt Radius, which are 1, 2, Ge. and thoſe 
100's in the ſecond, which are = 20, 30, Sc) and po 
PR. | ſame 
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ſame Extent rraches from 770 in the ſecond Radius, backward 
10 

Ora to divide 770 by 25, the Extent from 10 to 35, extends 
backward en. 770 te, 22, And the like of 225 Numbers. 


81 ECT, TV. The aral, Rule of Proportion by Lines. 


If roth of Sugar coſt 22 5. what will 35 h coſt? 

1, By the lines, Fig. 6. ſet. 10 from the Angle to 1 (which ſup- 
poſe 10, as if the 1 was not there; ) then ſer the 225. from 1 to 
2.2, that is, from 10 to 22. 3dly, Set the third Number from 
the "Angle at d to 3.5, or to 33. Then draw a line from 10 to 
35 = the third Number given, and a line paralle] to that through 
the Point 2.2 (here 22 will paſs through, or cut the line 4 n in 
7.7) ſo the Diſtance 7.7 to 3.5 (meaſured upon the line whereby 
d is 10) is 77 5/= the value of the 35 b of Sugar. I have done 
this (as I faid before) by the ſame qc lines, to prevent Confu- 
ſion by a-Multiplicity, -- - 

2dly, By the line of Numbers, Fig, 7 bd 12 C. of Sugar coſt 25 J. 
14 5. What will 1 Ton or 20 C. coſt * 

Extend the Compaſſes from 12 C. to 25.2, and the ſame Extent 

reaches from 20 C. to 42 l. the Anſwer. | 
veſt. 2. If you would know the Intereſt of 90 J. for 4 Year at 
6 per Conti extend the Compaſſes from 100 backward to 6; and the 
ſame Extent reaches from 9o to 5.4 /. or J. 5: 8: the Anfwer. 
. 3dly, To Extract the Square Root, take half the Diſtance be- 
tween the Square Number given and 1. And 1 third of the Di- 
ſtance from a Cube Number to 1 is che Cube Root, taking the 
third next to 1. 
And now I might end this part: of: Arichmeric, but before I do 
1 ſbatl ſhew the making of a line of Chords of Numbers, and a 
line of half r with ſomething of their Uſe, and that of e- 
qual Parts, which will be a Preparative fot thoſe who would know 
how to perform Trigonometry Geometrically. 
De line of Chords is 90 Degrees (or equal Parts in the fourth 
Part of a Circle) ſet off upon a ſtraight line, as Fig: 8. Plate A. 
the Degree (en) are ſet upon the Diameter (ec where (e bo of 
the Circle, is equal to Radius or the Semi- diameter of that Circle, 
and em equal to en, &c. 

. Now to meaſure any Angle by this line extend the Compaſſes 
from e to 60 in the line (en), and with that (ſuppoſe in Fig. 22 ) 
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fer one Foot in h, and deſcribe the Arc (ro), then take the Diſtance 
(7 0) in your Compaſſes, and apply it to your line of Chords, and 
you'll find it 33 Degrees: That is to ſay, the line or leg (bf) is 
diſtant from that g h 33 Degrees or equal Parts of the Circle 
(d me, &c.) as thoſe are transferred upon the line (ed); ſo the 
Angle ( bfg) or at /, is found 38 Degrees, and the Sum of thoſe 
two Angles deducted from 180 leaves the Angle (fg b, or) at g. 
And the Sides. of this ron £6 are meaſured by applying them 
between the Compaſſes to ihe line of equal Parts (y 2), Fig. 10. 


The way io make a Line of Numbers or Logarithms (commoniy called 
Gunter Lim), | 


The line (1, 10, Plate A.) is thus made: Fit, Make a line of 
equal Parts acccording to the Length 12 your line of Num- 
bers, as here (o, 1000) is divided actually into 100 equal Parts, 
and each Part to be divided into 10, makes 1000; and 
if your line were deſigned to be much longer, you might divide 
' your equal Parts into 10000. | 
 2dly, Lay before you a Table of Logarithms, and from that 
take the Logarithms (omitting the Index) of 2, 3, 4. Cc. to 10, 
the largeſt Diviſions of your line: As, for 2 I find the ithm. 
.3010300, but I take Notice only of the three next places to the 
Point ble to my line of equal Parts, as 301 taken from that. 
line, ſet off upon the Line (1, 10,) from 1 to 2 gives the firſt 
of the firſt 9 unequal Parts of the line of Numbers. 


JOE tog 

Which Logarithms 1 to 4 Gives you 
taken from the line 1 tog the other 
of equal Parts, and d 1 to. unequal 
ſet on that oi Num- toy Parts of 
bers from 1 to the line of 
975 x tog. Numbers. 


Then for the Sub-diviſions-or ſmaller unequal Parts; I proceed: 
in the very ſame manner till I have ſet them all off from 1 (the 
beginning of the line of Numbers): As. 
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The Loga- 04 1 to 1. 1 
rithm 079 1 to 1.2 
VS. n I to 1.3 


.146 Taken from the 1 to 1.4 On the Line of 
.176 Line of equal 1 to 1.5 Numbers. 
.204 Parts, extends 1 to 1.6 


.230 from I to 1.7 
255 1 to 1.8 
© | 6 39G | 1 to 1.9 
322 | I to 2,1 
342, Ce. 1 to 2.2, c. 


I have been more particular in this Affair than has been ſhe wel 
before, becauſe I find moſt Perſons, and ſome even the Inſtru- 
ment-Makers, ignorant, how this very uſeful line is made origi- 
_ to any Radius, which depends on the Magnitude of the equal 

os, | 


But Note, That the line of Numbers conſiſteth of two fuch 
lines, as (1, 10; on Plate A. Fg, 10.) next the Fig. 7. (or Num- 
bers) and ſo from 10 is numbered 20, 30, Cc. to 100 on the 2d 
— which is made 1 line with the firſt, and muſt ſo be made by 


To make a Line of equal Parti 


To make the line (o, 1000, Fig. 10.) imaginarily divided into 
Woo — — — 1 100. 

1/, I divi into 5 wi Compaſſes. 

2dly, I divide each 5th — which makes the whole into 10. 

zah, —— tenth Part into N = 5 

4thly, I take (o, 100) between „and ſetting 1 Foot 
in * other extends to (i), ge A 10th of the next 1oth, and 
ſo forward divides the whole line into 100, and each 100 muſt be 
ſuppoſed 10, in taking off the 1000th Parts to make the line of 
Numbers by, or in other Uſes. 

The line of half Tangents, is the line (cm, Fig. 8.) made by lay- 
ing a Ruler to (d), and the ſeveral Degrees in the Quadrant (e m), 
and is uſed in meafuring ſuch ſtraight lines as paſs through the 
Center of a Circle, and do repreſent Circles, though they appear 
Right lines, as (c n, (ce), (c d), &c. The Uſe of the line of e- 
qual Parts has been fully ſhewn before in meaſuring Right _ 

| | an 
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and there is nothing more falls within the Compaſs of Lineal or 
Geometrical Arithmetic; which will be of great Uſe to ſuch as 
intend to ſtudy Geometry, to which 1 recommend the reading of 
Euclid, lib. 2. I ſhall therefore proceed to 


1. ( 1 528 tt 


iir » | 


FNSTRUMENTAL ARITHMETIC. 


NSTRU MENTAL Arithmetic is that, Part which is 
1 erformed by Inſtruments, accommodated with Figures or 
Numbers for that purpoſe. Of this kind, that of Neper's Bones 
juſtly claims the firſt Conſideration, as being the moſt plain and, 
. eaſy Inſtrument for all Operations, whether in Multiplication, Di- 
viſion; or Extraction of Roos. 
A Deſcription of Neper's Bones, (See Fig. 1. Plate B.) As to their 
Matter, they are ſometimes made of Ivory, and then called Bones, 
fometimes of Box- Wood, and then called Virgulæ, or little Rods ; 
for as to their Magnitude and Form, they may be made as large as 
you pleaſe: ' But the common Sort are each Rod about 2.5 Inches. 
long, and. 3 2 Inches broad, and are in Figure what Geometricians 
call a Parallelopipedon, which is a long Square ſolid, bounded with 
6 Superficies, (or like 7, 8-ec Dice joined exactly one to another.) 
The Number of theſe Rods in a Set are 10, that is, the 9 Digits and 
Cypher, beſides the Index-Bone which is fixed to the, Box, and 
hath only one Face divided into-g equal Parts, whereon the 9 Di- 
gits are placed as you ſee Ng. 1. Plate B. But the other 10 have 4 
Faces each, whereon are 2 the 9 Digits at the top, and an 
Arithmetical Progreſſion of thoſe Digits added as 2, 4, 6, ar 3, 9, 
12, Sc. And whatever the firſt Figure of any Rod is, that of the 
oppolite Side is the Complement that makes it up 9. And the 10 
times 4 Faces or Sides being 40, contain 4 of each of the 9 Digits, 
and their Series's Arithmetical, and 4 more Faces are of Cyphers.. 


How to add the Figures 0n the Rods.. See Fig, 12. Plate A. | 
To reduee any line of Figures on the Rods which ſtand againſt 
any Digit on the Index-Face to. a true legible Number, Jor 
; 346 11 11 | L Ane £334; ; 


Sgr. II. Inſtrumental Arithmetic, &c. _ 
muſt begin at the right hand: Thus to add the Digits ſtanding 
againſt 6 in the Set, 6, * Plate B. You ſee there is nothing to 
do but to- add the two Digits together, which ſtand between the 
ſame Slant or Diagonal lines, as 4 is 4, then 5 and 8 is 13; 1 and 
4is5, and 2 is 7; 4 and 6 is 10; 1 and 3 is 4; 3 and 4 is 7; 
2 and 8 is 10; 1 and 11 is 2, and 2 is 43 1 and 6 is 7: So that 
ſix times 123456789, is found 740740734. 


Secr, II. To mulliply by Neper's. Rods or Bones. 


Queſt, 1. What is the Product of 34729 by 23795; See Fg. 13. 
Plate IJ. | 

Firſt, tabulate the Multiplicand, (or either Factor, but the larger 
is moſt uſual ;) that is, take ſo many Rods out of your Set, that 
the firſt Figures (or thoſe at the upper End of each Rod) will 
— your Multiplicand in order, as you ſee done, Fig. 13. of 
Plate A. 

Then looking for the Figures of your Multiplier ſeverally in the 
Index-Rod next the left hand, you find againſt each its reſpective 
Product in the Multiplicand, as Fig. 13. aforeſaid. 

/t. 2. What is the Product of 3040999 by 2341? 

In this Example 
there being 3 Nines 3040999= the Multiplicand. 
and 2 Cyphers, on | 
the oppoſite Sides, Multiplied by 1 3040999 


whereof are 2 Nines by 4= 12163996 

makes 5 Nines, by 3 = 9122997 

which is one more by 2 = 6081998 

than is in a ſet of — yy 
theſe Rods ; there- 7118978659 Product. 


fore, if you have 
not another Set, you may eaſily ſupply the Defect by ob- 
ſerving the Product of each Figure (as you go on) in the 
Multiplier, and thoſe other Nines, and ſo making one of thoſe 
extraordinary: Thus in Multiplying by the 4 there (as Hg. 14.) 
and if there were another Rod for the third Nine in the Multi- 
plier, I can eaſily ſee there would be more (as Fig. 15. Plate A.) 
which therefore, I ſuppoſe, and ſo put down 6, and then two 
Nines inſtead of the one Nine in the Rods; ſo when I multiply 
by the 3, I find in the Tabulet toward the right hand againſt 
3, (ſee Fig. 16. Plate A.) But z know if I had another Rod of the 
Z ſame 
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ſame Digit 9, there would have been another, as Fig. 17. Plate A. 


which ſuppoſing there, it would make 2997, that is, a 9 more 
than I find in the Tabulet, and ſo the reſt. { 


Secr, III. Diviſion by Neper's Bones or Rods. 


What is the Quote of 23734.691084 divided by 253.24? 

An Example of the whole Proceſs, and of what help you have 
in dividing from the Rods. See Fig. 18. Plate A, © 

Hence it appears, that the Rods are only uſeful in exhibiting 
the Products of the Diviſor by each Figure put in the Quotient, 
which knowing, you proceed in all other Reſpects as in Diviſion of 
Integers, Se. 5. Chap. I. ec. firſt Tabulating the Diviſor, and 
then whatſoever the Quote be, you have each Figure multiplied in 
the Diviſor, — I have only placed in the Index-Red the 
Figures that fall in the Quote above, and that in the Order they 
happen therein, for the more orderly ſhewing the Nature of the 
Work, and how it agrees with common Diviſion; ſo that in do- 
ing this Queſtion above, you finding that 227916 is the next Num- 
ber on the Rods to, and leſs than, 237346 (the firſt Part of the 
Dividend) looking againſt that in the Index-Rod = find ; there- 
fore put 9 in the Quote, and deduct as in the mple, and the 
Remainer (with 9 brought down to it) is 94309 3 Which found in 
the Rods, or what is next leſs, I obſerve 3 to ſtand againſt it, 
which I put in the Quote, and fo proceed with the reſt as in the 
Example, which is ſo plain, that it will ſerve for all. I have put 
the Figures of the Quote againſt their reſpective Dividuals, which 
added and placed as above in its proper place, is the general Quo- 
rient required 93.7241. | 


Szcr. IV. The Uſe of Neper's Bones or Rods in Extrafion of the 


Square Root. 
What is the Square Root of 54756? (See Square. Square Root. 
Fig. 3. Plate B.) 54756 (234 


Rule.) Having pointed the Square Num- 4 
ber given, as taught in intire Numbers; by 147 
the three Points, it appears, there will he 129 
Hundreds, Tens, and Units in the Root. 7 
2dly, Having put the Rod of the Square of * 6 
the 9 Digits next towards the right hand of - 5 


the Index-Rod, you'll find that againſt 4, the o Reſts, 


next 
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next Square to 5 (the firſt pointed towards the left hand) there 
ſtands its Root upon the ſaid fixed Rod, viz. 2; therefore put 2 
in the Root, and deduct the ſaid Square 4 from 5, and there 
reſts 1. Fs.” Ts | 

3dly, Having brought as uſual the next Branch down, it makes 
147. Then take a Rod, whoſe uppermoſt Number is the double 
of the Figure laſt put in that Root (here 4); and place the Kod 
of Squares to the right hand, that (as you ſee Fig. 3. Plate B. in 
the middle Part over 30) then look in the two Rods next the right 
hand for 147, and the next leſs is 129, right againſt which on the 
Index-Rod ſtands 3; therefore put 3 in the Root, and deduct 129 
from 147, and the Remainer is 18. 

4thly, Having placed the next two Figures (or laſt Binary of the 
Square given) toward the right hand of 18, they make 1856, Then 
place two Rods (between the Rods of the Index, and that of 
Squares) whoſe uppermoſt Digits are the double of the 2 in the 
Root (as you ſee done in Fig, 3. aforeſaid next the right hand) 
and look in the 3 Rods next \ 4. hand for your 1856, which you 
find juſt, and towards the left hand thereof, on the Index-Rod 
ſtands 4 ; therefore put 4 in the Root, and deducting, you ſee no- 
thing remains, and that 234 is the Root required. This I bave made 
much more plain than has been done before, by Fig. 3. which ſhews the 
Poſition of the Rods upon each Digit put in the Root, and doubt not but 
it is ſufficiently intelligible, | 

But Note, That if the double of the Figure put in the Root be 
more than 9, you muſt put two Rods next the — which begin 
wich the Digits of that double; and three Rods put when the double 
of two places is above 99. Thus, if 9 is the firſt in the Root, the 
double is 18 z ſo I put two Rods between the Index and the Rod 
of Squares, beginning with 1 and 8. So alſo, if 99 were the two 
firſt in the Root, the double is 198; I put therefore three Rods, 
beginning with 1, 9, and 8, between the Index-Rod and that of 
Squares, c. 

For a farther Exemplification; extract the Square Root by the 
Bones of 97535376. See the Work in the Margin. 


22 2 1 1, Here 
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1, Here you find 81 t Square, | + | 
the next leſs Square to | aint * 1 | Square 
* 12 it is 9 in Example 2 = 97535376 (9876 Root 

; | 81 . : | 


the fixed Rod; ſo you 

put 9 in the Root, and — 

deducting $1, there reſts 1653 

16, and the next Branch $6928 "1504 

or Period is 1653. — 
2dly, Doubling 9 is 14953 

18, Which two Rods. 13769. 

placed next that fixed, |; 118476 

and that of Squares next 118476 

0 


the right hand; the top 
Digits will ſtand in- this 1 1 op : 
Order, ſee Fig. 19. Plate A. and in the Progreſſion lower you'll find 
againſt 1504, the next leſs, to-1653, ſtands 8, which put in the 
Root, and deduct 1504, there reſts. 149; which with the next 
Period makes 14953. | | 5 9 

3dly, Doubling 98 is 195; which three Rods placed next that 
fixed, and that of Squares towards the right, the firſt Figures on 
the Tabulet Rods will ſtand thus, ſee Fig. 20. Plate A. And in 
the Progreſſion thereof lower you'll find 13769 3 uot which 
is 7, which put in the Root, and the 13769 deducted from 14953, 
there — 65 1184 ; to which bringing down the next Branch, makes 
118475. | "+4 | ä 
Aby, Doubling 987 in the Root, makes 1974; therefore taking 
6 out of the laſt Tablet, and putting the Rods beginning with 7 
and 4, the top of the ſix Rods will ſtand thus, ſee 5 21. And in 
the Progreſſion lower you'll find on the 3 Rods next the right hand 
178476, againſt which towards the left hand upon the fixed Rod 
is 6: So there Reſts (o), and the Operation is finiſhed. 


Szcr. V. The Uſe of Neper's Bones in the Extrafion of the 
| Cube Root. | 


The Rods make this (which is reckoned the moſt difficult Rule) 
very eaſy, ſo ſoon as you know how to place your Virgulæ, which 
F ſhall therefore illuſtrate by an Example of their Poſition at every 
Figure put in the Root, as I have done in the preceeding Parts of 
Anthmetic by the Rods. | 


The 
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The Cube Number given muſt be prepared for Extraction by 
pointing over the Units, and every third afterwards, as is taught 
in extracting Roots of Vulgar intire Numbers, Cc, for Example: 
What is the Cube Root of 182284628 ? See Figures 22, 23, 24. 
1ſt, The firſt Figure in the Root is found by placing your 
8 next the Index- rod; for looking on the — 182 
(the firſt Point next the left) you find the next leſs to be 125, 


182284628 * (567 
125 
1 


And right againſt that 125, ſtands 5 on the fixed Rod, which 5 

I therefore put in the Root, and ſubſtracting 125 from 182, there 

Reſts 37. To which bringing down the next Point or Branch, it 

makes 57284. | | | 
| - 45216 | 


540 
50616 


6668628 


Then for a Diviſor to divide the 37284: Take treble the Square 
of the 5; (in the Root) which is 75, ſee Fig. 23. Plate A. And 
having tabulated that, and the Rod of Cubes, as you ſee, I find 
on thoſe three Rods 45216 the next leſs to be taken, againſt which 
in the Index is 6, which I put in the Root: To which 45216 Iadd 
540 (which is the 17 oro of 6 in the Root multiplied in three 
times the 5 there) and the Sum is 50616 ; which ſubſtracted from 
the Dividend 57284, there reſts 6668, to which I bring down 
628 = the third Branch. 2805 


9408) 6668628 
6585943 

8232 
6668263 
365. 

And it makes the laſt Dividend 6668628; and treble the Square 
of the Root (56) makes 9408 @ Diviſor) which Tabulated with 
the Rod of Cubes, as you ſee Fig. 24. Plate A. I look apes the 

an the 


- Rods, and find 6585943 to be the next leſs Number 
| 6668628 ; 


* 


- 


* 
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6668628; and againſt it is 7 in the Index, which 7 I put in the 
Root: Then for the 8232 to be added to the Number next above 
it, I multiply 3 times 36 (in the Root) by the Square of 7 there 3 


and the Sum is 6668263, which I take from the laſt Dividend 


6668628, and the Remainer is 365; to which, if you deſire Deci- 
mal Places, you may put three Cyphers towards the Right, and fo 
proceed as before, I have made this Example fo demonſtrative, 
that I ſhall need to give no more, for by the 'very ſame Method 
you may do any other, . | 
Note, That in the Diviſion (by 75) the next of all on the Rods, 
and leſs than the Dividend 57284 is 52843, againſt which ſtands 7 
on the Index, but then had you pur 7 in the Root inſtead of 6, you 
would have found a Number too great to be deducted from the 
ſaid Dividend or Reſolvend 57284 ; and therefore I take ſtill the 
next lefs Number which ſtands againſt 6. 1 Qt 2 Br! 
2d Note, That the 540 and the 8232 are placed 1 Degree to- 
wards the left hand, becauſe they would fall ſo if put under the 
Tens places of the Cube of the laſt Figure put in the Root; as is 
done in the common way of Extraction. | 
Note alſo, That if you have not the Rods of Squares and Cubes, 
you may do without, either by placing in the room a Rod, whoſe 
firſt Number is the fame with that which falls in the Root (which 
ou may know by comparing the Figures on the Rods toward the 
fr hand with thoſe of the Dividend) or by making them (for pre- 
ſent Uſe) of Paper, — to the many Examples above given 
of them, till you get the Rods of Squares and Cubes. 


SEN. VI. Notation and Numeration of the Diagonal Circular 
Inſtrument, (See Plate B.) 


This Inſtrument was by me contrived chiefly for Reduction of 
Money, Weight, or Meaſure, into Decimals ; or for finding with 
Eaſe and Speed the Value of thoſe Fractions, and for Multiplica- 
tion, Diviſion, and Evolution. It is marked on Plate B. with Fig. 5. 


and conſiſteth of ſeven Concentric Circles (beſides the two outer- 
*moſt, which are Lines of Numbers) as 


1. The outward or largeſt Circle (ſave two) is of equal Parts, to 
which all the reſt that are leffer Circles refer in their Uſe ; it is 
firſt divided into 10 Parts, each of which being ſubdivided into 
10, makes a 100 Parts; and each 100 Part again divided into * 

| the 
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the Diagonal Line (rooO, 4) c. divides the whole Circle into 1000 
equal Parts. So that for Example: To find in that Circle 267 thou- 
fardrh Parts, yon have 760 in the Arch of that Circle, and y in the 
Diagonal Line, telling the Parts upward from 760. 

2489 . The ſecond Cir x of is of Engl Coin, the whole repreſenting 
1], divided into 20 5. each Shilling in 12 Pence, and each Penny by 
the Diagonal into 4 Farthings. So that to ſet off 135. 7 d. 4 f. 
look for 135. 7 d. in the Ambit of the Circle, and then from 7 d. 
— upwards,” you ſee 1 Farthing in the Diagonal. 

3. The next inner Circle (which is the third from thoſe of Num- 
da is of Beer Meaſure, being one Barrel divided into 4 Firkins, 
each 4 into 9 Gallons, and each Gallon into Qvarts and Pints 
as you ſee 

/ The next inward is a Barrel of Ale divided into 4 F irkins, | 
thoſe i into each 8 Gallons, and thoſe again into Quarts and Pints. 

5. The fifth, Circle inward' from thoſe of Logarithms is the 
Pound Averd upois divided into 16 Ounces, and thoſe each Ounce 
into 16 Drams. 

6. The next inward Circle i is the Hundred Averdupoit divided 
into four Quarters, and each Quarter into 28 15. And 

7. The innermoſt Circle is Foot Meaſure, being 1 Foot divided 
ined! 12 Inches, and each-Inch into 4 Quarters. 

And all theſe Diviſions-and Subdiviſions are actually done, and 
not imagined only as ſome Scales are, which are of little or no 
Uſe. And any Quantity in the ſeven inner Circles is eaſily f ge 
to by the ſame Rule as given for the two firſt; from thoſe of 
Numbers, only in theſe three are* no Diagonals, there being no 
need of them, the Parts being ſufficiently expreſſed without. 

8. The two outermoſt Circles are eur * Numbers, whoſe 


Uſes follow after 10th. - 2 
ny Reduttion of Decimals by the Cireular namen. 


Quel. * What Decimal of a Pound is 13 5. 64. 14 ? 

Rule.) Lay a Ruler from the Center to 13 5. 6 d. 4 9. in the ſe- 
cond Circle, "ind that will cut in the Diagonal Circle .676, which 
is the Anſwer.  * 

Queſt. 2.] What is the Value of. 87643 of a Pound Sterling? 

Rule.) Lay a Ruler to the Center, and to 876, and half in the 
Diagonal Circle (or qa Parts) and 2 — me it to cut in the 


Circle of Money 17 5. 6d. 1 q. qu 
Reſt. 
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- Queſt. 3.] What Decimal of a Barrel of Beer is 2 Firkins, 7 Gal- 
» 3 Quarts, and a Pint? 4:34 % ian lunns 
- + Rule} Lay the Ruler to the Center, and the Quantity given in 
the third Circle from the Line of Numbers, and it will ſhew-in the 
firſt Circle the Decimal required to be. 7 187, or apparently more 
than .718 and St * A. * $71't bs Bir 
AQveſt. 4.] What is the Value of. 876543 of a Barrel of Ale? 
Rule.) Lay a Ruler to the Center, and the Decimal given in the 
Diagonal Circle (I mean the four firſt Figures next the Point) and 
it will cut in the fourth Circle 3 Firkins, 4 Gallons, and about 
half a Pint. Een gp geit 21 14 0 26138 
B . In 3 Firkins, 5 Gallons, 3 Quarts of Ale, how much 
r 


Rule.) Lay a Ruler from the Center to the Quantity given in 
the Circle of Ale Meaſure, and it will give in the Circle of Beer 
Meaſure 3 Firkins, 6. Gallons, 2 Quarts Beer. And in like man- 
Der Beer is reduced to Ale Meaſure. W255 if, I ;f "4 t 15 

Queſt. 6.] What Decimal of a Pound is 13 Ounces 11 Drams? 

Rule.) Lay a Ruler from the Center to 13 Ounces and 11 Drams, 
and it will cut in the * Circle 855. Nene audi car! 
» 9ueſt, 7.) What is the Value of. 876543 of a Pound Averdupois ? 

Rule.) By laying a Ruler to the Center, and the Decimal given, 
it will ſhew the Value in the fifth Circle from thoſe of Numbers 
to be 14 Ounces and near half a Dram. . 

Queſt. 8.] What Decimal of a hundred Weight is 2 Quarters 
21 Pound? i, a 1 | ot 24 Th 
Rule.) Lay a Ruler to the Center, and the given Quantity in the 
fixth Circle, and it will cut in the Diagonal Circle .687, or .6875. 
Queſt. 9.] What is the Value of ,876543 of an hundred Weight? 
Rule.) Laying a Ruler as in the 7th Queſtion, it will cut in the 
6th Circle 3 Quarters 14 Pound. 

Queſt. 10.] What Decimal of a Foot is 10 Inches 3 Quarters ? 

Rule.) Laying a Ruler to the Center, and the Quantity given 
in the 7th Circle, it will cut in the equal Parts. 8955, or viſibly 
+895 and more. 3: v4 b 4. aivat . 
And a Line of Numbers being delineated without the largeſt 
or N Circle (as by Rules given for drawing that Line, ſet- 
ting the Parts off from the Center) and another to turn round 
within it; you may by them do, moſt. Queſtions in Multiplication, 


Diviſion, and Extraction of Roots very accurately, as by Rules in 
Chap. VIII. Or thus, Suppoſe I would do the ſecond Queſtion in 


Sea 
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$828. 4. of Ch VII. .. IF 12 C. of Sugar coſt 1. 25 : 4: 0 what 


yl 1 Ton coſt? 
Turn 12 aer Circle, to 20 in the outer Circle ; and then 


inſt 25. 2 in the inner, will ſtand 42 in the outer. 
Or in Caſe you have only a Cut of this Inſtrument paſted on a 


fron Board that will not w may do theſe Queſtions 
fy 3 Sar ply/ 


the es and one of th (or the outmoſt Circle); as if 
20 require 30, what will zo require? In the ſecond half Circle, 
the Extent: of a pair of Compaſſes from 20 to 30, will extend 
from 50 to 75, the fourth Proportional or Anſwer, _ 

The compound Intereſt of any Sum for Years, is found by che 
two Lines of Numbers: as that of J. 650 for 5 Tears at 5 per Cent. 
the fifth Power of 1. og in the Amount of . 1 for five Years, which 
multiplied by 1.650 gives 4. 829: 11:0 che Anſwer : For 


1. 05 1.1 | 
ones 1.1 Ke” the inner )1.16{ In the outer 
Circle, "Sv t 7.16 Circle ſtands Jr.22C Cirele. 
-_— agen — Soba (I. 28. the Amount of 
| „ | . 1 4. for 5 Years. 

And turning 1 in the inner Circle to 1. 28 in the innermoſt 


Circle; againſt 650 (the Principal) in the inner Circle, you will 
find 8294 in the outer Circle, the Amount required. 


Many other Queſtions might be propoſed, and Ufes ſhewn of 
this = Rad but I leave it to the Reader to find our, of his 


own accord, to exerciſe his Parts. 
The End of Inſtrumental Avithmetic. 


ix el allo o el xi ei ei eite o o vaio oi ai 
HAP. X. | 


ALGEBRAICAL ARITHMETIC. 


L ALGEBRA being a Word derived from the Arabic AL 
br, makes it probable, that the Arabs were the moſt 
ancient Profeſſors, and great Proficients in this Art. Although 
ſome have aſcribed the Arc Invention to the Chineſe, Indians, or 
Perſians, ſome to the Grecians, and that it was firſt — 
by Plato; though it was W a Secret, from the Principle, chat 
aa - 
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the divulging a Truth was prophaning of it. The firſt Treatiſe of 
this Art is ſaid to be wrote by Diophantus, extant in Latin and 
Greek ; but the firſt European Author, was, moſt probably, Lucas 
de Burgo, a Friar, who publiſh'd a Book of this Subject in Halian, 
intel at Venice, Anno 1494 yet Scipio, Curdan, others about 
eir Time, firſt ſhewed the Solution of Cubical Equations. The 
famous Yieta was the Inventor of Speciou Algebra about 1590, which 
was improv'd by Ougbtred; and the Methods of ſolving Quadra- 
rics, by changing the ſecond Term, and by compleating of the 
I were, with many other excellent Improvements, introdu- 
by the celebrated Harriot, who was contemporary with tred, 
and flouriſhed about the Year 1630. And ſo much may ſuffice for 
the Invention and Improvement of this great Art. | 
II. Some define Algebra to be, The Art of Reſtitution and Compari- 
fon.. It is ſometimes; called, The Aualitict, or the Art of Enquiring 
into the fundamental Nature and Reaſon of Propoſitions,” and of compoſing 
and ſolving: Equations, and diſcovering Canons and Theorems accordingly. 
HI. Agebra is either N — 8 or Literal; the former, when a 
Queſtion is ſolved by the Numbers themſelves; and Literal, when 


done by Symbols, or Species, repreſenting the Numbers 
e hav propoſed for this firſt Section, I ſhall give the R 
t I have is t ſhalt give ea- 


1. Shew kim the Characters and Signs uſed in Algebra. 

2. Say what is neceſſary of the Symbols or Letters, repreſenting 
Numbers in this Caſe. l 

3. Of the Notation, Numeration, or way of reading Compound 


e c Quantity. 
4. Of A Beens and Explanations of Terms peculiar to, and 
uſed in Algebra. | | Cy 
IV. The learned Algebraifts,, for the more commodious and ex- 
peditious Way of Proceſs in ſolving Problems, have very wiſely 
agreed upon certain Characters, whereby Quantities, or the Powers 
of them, are expreſſed and connected, and the Mind of the Artiſt is 
briefly and methodically 5 which would appear inconve- 
nicntly confuſed, ſhould Words at length be uſed: Thus, 


Signs 
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Greater than 


| .. The Cube Root of 
The Biquadrat Root of 


The Root of the 
265 mag or 


Ihe 
The 
The 5th Power, 


— 2 
it of a 


So is (when in the | 
TEST 


— ns AM 2ͤ —_— 


; 


or Surſolid of a 


| 7 Ther Tinea Lind e eee, | 


. 


"—_— 


— 


2 


| 1 IT 25» 
32281. 
32g. 
0 2+ 325, is 223. 
3* 2286. 
3 =-. 
23 — 221 21.6. 
"3M 2=r. 
2IJ. 
3 —2. 
1 
FF: 
4. 5. d. b. r. = x. 3. 9. 27. 91 — 
| -- 
vbb=b. | vg=3: 
Laa N V8=2: 
Vaaae=a. | v16=2, 
| N 
Vbbbbb=. 94433. for 
OC=a8-: :: | 2*=4. 
ae | 2*=8, 
a =a445. 2*=416. | 
4 a. | 25231. 


Other Charafters aſs uſed are 3 ov duſt in Sunda, ignifica 6 
muly r 


yr r * 


f , 


(Square. () 
) Involution, obviating 


— Evolution (or that the Root RIOT 


Aaaz 2 * 


(A) Triangle. 
ic ſuch a Quantity 


V. The 
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V. The Species or Symbols uſed in Algebra, are Letters, which are 
laced in an Operation to repreſent the Numbers given in an Que- | 
ion; and theſe are — Conſonants, as b, c, d, &c. Bar The 0 
Letters put in an Operati cbra to ſtand for the anknown 
Numbers (or thoſe ſcugbe ht N CE ually Vowels. And I ſhall ob- 
ſerve this way in the following Work, ut wich thoſe Limitations 
which I think are neceſſary. 
1. I ſhall put ſuch Conſonants to ſtand for the known Numbers as 
are moſt expreſſive of the Things to which thoſe Numbers relate; 
and the like for unknown, or if there is but one unknown N umber 
Tough in a Queſtion, I ſhall always put u for it. 
I ſhall not, as has been uſual, put the Letters in a Product 
iſcuouſly, and without Order, but ſhall place them as the 
ave Order or Priority in the Alphabet; whereby one and the ſame 
Quantity is eaſier ſeen in contracting manifold compound Quantities, | 
and ſeveral other good Uſes may be made thereof. 
Vu. Of the Notation, \ Numeration, ot way of reading vg Algebraic 
| Quantities, it may be obſerved from the-foreg going Signs 
+ 1. Such as are connected with the Affirmative Sigh +, 
2 cdp, are to be read, s more h. more e, more d, equal 
. 10 4 
Note, Which p, though it hath no Sign before; (and the like 
is always to be obſerved) ſuppoſed ee __ as — 422 * 
firmative. 
— 2. Such Quantities as are conne with the Neg egative Sign - —. 
as, a—b—c, are to- be read thus; 4 a 5, Ee nd as in che 
firſt Example, the Numbers 2 by B, c, and 4, are to be ad- 
ded together ro make the Number rep reſented by p: So in this fe- 
cond Example, either the Sum of the? Numbers repreſented by 4 and 
e, are to be deducted from 4; or elſe h and 7 taken from |: fingly, 
b from a, and chen « from the Remainer. at, 
2 Or ſuppoſe b--c—d'=awm p; that is, the Number repteſented 
by d, being deducted from the Sum of thoſe repreſented by b and c 
the Remainer i is equal to the difference between the Numbers repre- 
ſented by p, and that unknown Number «be | 
Note, That ſuch tities as have no Numbers ſtanding to the 
lfe hand, ar are as. * to men Unit or oy _ 16, e is 
Fe, &c. 
In Vn FF ues a: Here the Difference berweeh ? a, is to 
be deducted from the Remainer, when b more dis taken from c ; 
for tis read, c leſs þ more d, leſs the difference between p —_ 


* 


— 
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for a being unknown, it is ſo likewiſe whether the Exceſs lieth i "A 
P, therefore the en to repreſent the Difference is neceſſary. _ 

3. Such Quantities as have. the Sign x, between them, are. <com- » 

.exprefſed without it, and the Letters put as in a Word 3 

ax b. is, à multiplied in 6, or 0d cx bXÞ.1S.c multip ied. in 3, 
and that produck in p, but is moſtly put beds andbxinÞ is 
bb, cxexdxd is ccdd, or c ſquared in d ſquared. 

Or ac NN is a er, that is the Product of J. 5. 
and y added to the difference between 4 c. 

4. So all Quantities having the Sign —— may be, and ate moſt — 
commonly expreſſed. by way of Fraction, the Quantity to be Gi. 
vided being — over the other thus, a - - will ſtand 


= i.e. a leſs b, divided by c more . | 

5. Surd Quantities are exprefied with their proper Marks be- 
A 2% i is the Square Root of the Renniner, when * 
a is deducted from g. So alfoy/ p+q —r-is.the Cube Root of the V 
N en is deducted "the Sum of f and g. Laſtly, 


91 which is the biquadrat Root of the Sum when cis taken / 
from, and that Remainer added tothe Nania dived yg. * 
Bus ſome Examples admit of @ double Entendre. w 


2 under the 2d of chis 6th Head, wherein et: Ifi it were 
not for the Line over h and d, inſtead of deducting þ—+ d — 
b would only be ſhewed to be deducted from the Sum of c and dd 

So alſo in the 4th above, if there were a Line over 5. ＋＋g, it 

. would ſtand thus a —b— c Hp, which without the Line (ſuppoſing 
4=40, b=20, c=6, and p=4) would be but 2; -whereas wich the 
Line *tis = 38, for 


a—b=20 But (with the Line) _ 

I Pet is = 2 Leſs (0 = 2 
And oF: divided by c= o Divided by £23 

S thers is 46 difference, A to the 5th Example above, 


there is nothing more ee in Nied Quadratic uations, 
than to have occaſion in the Canon or Anſwer to racer edu 


ſinguiſh what Quantities are to have their Roots extracted, and hich 
* _ * 
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which are not, asu. , Y d] that is, (u) is equal to the Re- 
mainer, when (d) is ded ed from the Square Root of the Sum of 
0, and (b) plied in (2), "as if b be 160% 


Numbers to Which Equa- Ai befor c 3 
W e from the Letters, n ee 1 hte" * 
the Value of («), and 08 muſt | Product 48 + 
— unfold any Canon of : 1 More p=16 
But had not the Line been | WA $8 $25] - — 
>. drawn over be p, it ave Sum 64 
| thewed that Feller to be ex- eee which i hid 
trated of Ic E- d, Which Leſs 4=3, ſo (685. 
would give too möch- Ce. FOLIO 


* In he new Notation S often expreſſed 6" «one 5 


Ns! 25 91 ne We 


23 2 Ee. „Ae ene 1 divided by 03 on 1 divided by 


1 a cubed, D wer 
| 3 &c, is the — plus, the 8th Power of 
5. And = is vrote Yi, &c. ee = 
that is, 1 divided by a more þ; and the th Power of a more the 7th 
nne | 

Likewiſe x l, ir l, Gt. is in the new Notation a 5; 42 39, 


Ea that is, 1 divided the £ Le 
e nn ſquared. _ 


__ =a+Þ x ea Fro i. e. theSur- 
add f, more that of þ, divided by 4 more; is expreſſed allo 
& ＋ x _ Or rather 4 +b' xa+-b—*, And for Proof 


N and = 20 z then is a += 3300000 RT 
being = 30, 3300900 + 30, = 110000, And fo likewiſe 
3300000 Xx 1 ＋ 30: or 3300000 Xx ,3 r= 109999 .9 or 110000: 
which 8 ly proyes the Truth of the manner of new Notation. 

phabetical —— and Definition of moſt Terms 
2 in es ach che Reader may have recourſe to as he finds 


occaſion; for havin ng well underſtood what is above in this Section, 
he may paſs this Head, and proceed to Addition, bee. 


Abſolute 
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Abſolute Quantity, or Abſolute Number,] Is ſuch a known one as 
ferh one Side of an Equation, as «-cu= , here bis the Ab- 
ute, Quantity, whoſe Value is known, and is free from any De- 
FE 


7+, contrary to Negative 


.. Such as have either tio'Sign teftire theim, | 


or are marked with +- ; ſo 45-6 are both Affirmative Quantities, 


as by the laſt. 
. rene area in. the ſeveral Parts of Ajgebra practi 
1 The fans ot fingle Arithmerick, as Mumu. A 
dition, Subſtrattion, &c. 
Arithmetic of Infinite. The ſame as infinite Series, or converging 


Series. 
A ed Equa When 
* — — 


— The ſame 3 the Analogy of theſe four 

Ana as as 

Quantiries, 4. þ: : c. d, &c. and becauſe the — of the two 

Extremes is equal to that of the means; therefore 4 = bc, the A- 

Deng Converted, in an EQpalhyg, t * 
tion. See C Series. | 4 __ 

thmetic of egatives.] See 


es ns and 


egative, under NV. A 
Binomial Quantities or Roots.] ende W Terms, 
or Members, connected 3 by the A ass d Kc. 
Coefficients.] Thoſe N or kno titits in a Quadratic, 
Sc. Equation, which are (in the 2d Term commonly) multiplied in 
the Root of the firſt or unknown Quantity, as ##—5-2 bu, here 2b is 
the Coefficient : And note, That where there is no Number nor Quan- 
tiry multiplied r 
655 cient, Dee tu. Ser C the 
ompound Quantities.) Are ſuch as are either the 
or Difference of two or more ſingle Quantities: Thus (up) is 2 
Rectangle compounded of and p, « 7 or u — d, the 3 2. 
Difference of thoſe two 1 * 1 0 
Compleating a Sguare.] This is to ae half the Coefficient : As 
fuppoſe two Members of a Square «4-j-b be given; to find what 
Quantity muſt be put to compleat the Square, is to- ſquare half 
the Cocfficient or * which Square . fo that #« +bu +2 


is a compleat Square: For Proof of which you may multiply 


=. 


(which ſee 


"1% 


. ͤ 


| 
| 
| h 
| 
| 
| 
| 
| 
| 
| 


Truth of che Equation, an 


„„ HU rites Chan: 


a £704 4 dat 217 oa, LUMBER 16 - 4 2 ed du bY 
Az (which. is the Root of that Square) in irfel Andi if thiswere 


a Quadratic Equation, this” Squire of half the Coefficient muſt be 
dded to both Parts of the Equation, as admit us At, half the 
corn e 
B=epp WA... 0103. 412 3-7 1 4 | 14 + 

-. Compoſing an ion, ] Is the way of proceeding (to reſolve Pro- 
blems) till we make ſome Quantities in the Queſtion equal to ſome 


others; (fee: Re/olution. of Equations). as'if I were aſked, what Num- 
ber that is which being rauktiplied by 7, and that Product divided 


dy 3, the Quotient will make 1000, abating half the Number 


ſought? Here, to compoſe this Equation, I put « for the unknown 
Number, or that ſought ; then 7 times that is 7 4. that divided by 


1c —— Then putting b to repreſent 1000, this Equation is 


en 10 een SE 25 20011040007 28 90715! 211.47 Wn! 1 
compoſed_ from. the Nature of he Queſtion, viz. =b —=. 
(See this Equation reſolved under the Word Reſolution.) And where 
the Quantities in the Propoſition or Problem can be reduced natu- 
rally into Analogy, then that Analogy is reduced, or an Equation 
© Conftrution of an Equation,] Is to demonſtrate Geometrically the 
Canon, from Lines or ' Geometrical 
Figures laid down for that purpoſe, as ſimple and quadratic from 
the Sides of the Triangles and Arcs of Circles; and cubical from 

_ Converſion of Equations, | Is ly the converting of an Equa- 
tion ra det ch is not 17 fon Analogy, So fs va 
then it follows, that as the 2 4 is to c or h, ſo is the other of 
them to d, wiz. ab: : c. d. See Analogy, of which Example this is 
the Converſe, and they ought both to be remember d. But ſome call 
this following, and the like, a Converſion, (but I call it Reduction by 
Multiplication, , of which more under Reduction of Equations,) viz. 


= +c4=p, this by makiplying each Member by the Denomina- 
tor 7, gives u+cdr=pr, bc. of any other. 

Converging Series.] Lines converge, when two right ones proceed 
nearer and nearer to each other, till they meet in a Point * 
n | ey 
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make an Angle: So in Numbers, it is the 8 
. and nearer to the Truth (as to the Root of a 1 Number or 
Quantity) by the common Rules. Examples hereof, ſec Section the 
13th following : Note, Sometimes this Method of Proceſs i is called 
alſo Arithmetic of Infinites, Infinite Series, and Approximation. _ 
| Contra#tion.) This in Algebra is to leave out all repeated or ſuper- 
fluous Terms, or- ſingle Quantities; as 44b—3c+5c—3 4b, this 
contraſted is abe; for 4a b, leſs 3 ab, leaves ab; and 5 c, leſs 3c, 
leaveth 2c. So 0 7u2-3p8—de—3p4 8760; for firſt, « 
7a er e, candy, be left quite our, and then tis 


LY 


7u4 3p —d—+32 3 ſecondly, 37 and — 3p deſtroy each other: 
So there reſts but 7 ud of the oral, and he like may be oblervd 
in Contraction n 

Caleulus,) A Term luxions: Xin e ** 
which is the Method of fading + flowing Quantity iy off 
ha or elſe. Calculus Differentials ; - which js the way = 

luxion of any flowing Quantity. 

Canon.] As it relates to Trigonomet ry, is the Rule of by 
ich an Angle or ſides of a A is found; the Tables of Artificial 
umbers (Logarithms, Sines, and T ents) are ſometimes called 
Canons; but in Algebra it is a reſolved f quation, being the 2 2 
of an Operation, and is the Value of ſome unknown Quanci 
known Species, or Numbers, which being wrote down in We 
contains a plain general Rule for the Solution of any of e 
like Nature ; which is one of the great Excellencies of 4 

Coffick Powers.} Algebraick Powers of Number or tity 
the firſt, ſee Chap. I. Se. 1. of this Treatife ; whence it 2 
the Powers of any Quantity will ſtand thus, u= — 95 x the 

uare or ſecond Power; «* the Cube or third Power; 2 the 
Biquadrat or fourth Power of , Cc. See WN Race 1 in 
this Chapter, Se. 6. - | 

Cubic Equations, Vide Ses. 12. of this Chapter. 

Depreſſion.) This Word is uſed in the Solution of Cubic ec y 
tions, where the Equation is depreſſed or reduced from one of the 
third Dimenſion to a Quadratic ; that being one of the ways of re- 
ſolving * —_— Or Depreſſian is the reducing of an 
Equation by Diviſion :; as e by dividing by 


, that Equation is reduced to u== xs firſt expunging or caſt- _ 


noms becauſe found in each Member or Term 32 
See this Chapter, dell. 5. | 
| No BY blu 35% 21 Diferete 
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Diſcrete Proportionals] Are Numbers or Quantities, where there 
is the ſame Proportion between the third and fourth, as between the 
firſt and ſecond; but not the ſame between the ſecond and third, 
as in u. Y:: h. k, there is the ſame Analogy between + and &, as 
between and þ, but not the like between þ and h; fo that ' tis alſo 
called Disjun## Proportion in Number, 3. 7 : : 12. 28. | 

Dimenſions.) In Equations, where the firſt Term is ##u#u#, that is 
one of 4 Dimenſions; au is an Equation of 3 Dimenſions ; un of 
2, Sc. u being unknown. 

Equation.) An Equation in Algebra is, when one or ſeveral 
'known or unknown Quantities are made equal to other Quantities 
upon a due and regular Proceſs of Compoſing, (ſee that Word,) as 
11 c—d=rs75-tu, that is, à more c leſs d is equal to 7 multiplied 
in -u, which Equation is reſolved as under Næſolutiun; ſee alſo 
Simple, Quadratic, Cubical and Lateral Equations, in this part. 
volution] Is marked u, (or the Extraction of a Root) and tells us, 
that the Number or Quantity before which it ſtands, is the Square 
Root of ſome other — 1 referred to in an Algebraical Operation. 
= Exponents] Are thoſe ſmall Figures placed almoſt over any 
Quantity, to ſhew (or expound) what Power of the ſaid Quantity 
is exprefſed, See Coſſic Powers above. And | 
Exponential Quantities] Is a Term in Fluxions, theſe being ſuch. 
Quantities, whoſe Exponents are variable or flowing Quantities. 
* Fluxions] Are defined to. be the Doctrine, or Algorithm of the 
infinitely ſmall Increment or Decrement of variable and indetermi- 
nate Quantities : For the beſt Notion we have of generating a Line, 
is by the Motion of a Point; of a Surface by the Motion of a Line; 
and of a Solid by the Motion of a Superficies : Now as this Increaſe 
of a Figure by Local Motion, is termed a flowing Quantity; ſo the 
Velacity of 42 Increaſe of the flowing Quantity is called à Fluxion; 
and is diſtinguiſh'd from the Character or Symbol of the flowing 
Quantity by a Point over it, Ic. which is a kind of Artificial A.- 
gebra, but is wrought by Rules peculiar to itſelf, being a late In- 
vention and a great Improvement. 

Flowing Quantities.] See Fluxions above. 

Generaling.] In Geometry Points Lines and Superficies generate as 
under the word Huxion; or in Arithmetic, what is produced by Mul- 
tiplication or Involution is a generated Number or Quantity in Algebra. 

Homogeneat Is of the ſame kind: So ſuch ſurd Roots as have 


the fame radical Sign are Homogeneal, as. „ b, Vac ec; ved, 


Ar ke; Vip, Ve, &c. See this. Word in the Introduction, Sect. 1. 
| Homologous.] 
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Homologous.] In a Proportion of four Quantities. If u. ):: c. d. Here 

the two Antecedents u and c are Homologous, as are the two Conſo- 
uents þ and d, c. and u is Homologous to c, as þ to d. 

Heterogeneal.] (Of different kind; ) So Surds are Heterogeneal when 


3 


their radical Sines are not the ſame, as Ve; Vtu, Vrit, &c. 

Infinite Series.] See Converging Series above, and Chap. 10. follow- 
ing, Se. 13. f 

Involution. Is marked &, and ſhews that the Quantity before 
which it ſtands is the Square of ſome other which is referred to; 
the contrary to Evolution, | | | 

 Tneffable Quantities.) Surds, whoſe Roots can only be. expreſſed 
by the proper radical Signs. | 

Irrational Quantities.) The ſame as Ineffable, laſt above. 

Lateral Equations.) Simple Equations which have but one Root, 
or in figurate Numbers they are thoſe of the firſt Order, as 1, 2, 
3, 4, Sc. See Seit. 14 of this Chapter. | 

Like Signs.) Thoſe- Quantities in Algebra which have the ſame 

Sign, as + b+cT 4, or —b--c—&d, Sc. 
Lite Quantities.) Such as have the ſame Symbols or Species, as 
23bcd, 14bcd, abe d, &c. there being the fame Number of each Letter. 
Maximis aud Minimis] Is a Term uſed in Fluxions. It is a Me- 
thod whereby: Problems are reſolved, which require the greateſt or 
leaſt Quantity attainable in that Caſe ; it is a ſtable Quantity natu- 
rally; and therefore to determine to a Maximum. or Minimum in 
any flowing Quantity, is to make it a permanent Quantity. 

Members of an Equation.) Thoſe Quantities contained between 
every Sign, as ab- d- cpr; here ab, du, cp, and r, are the 
four Members or Terms of this Equation. 

Moments.) A Term in Fluxions according to ſome ; being ſuch 
Parts of Quantity as are in a continual Flux, either decreaſing or 
increaſing : Or rather, Moments are the beginning (of the gene- 
rating Principle) of Magnitude, and are themſelves no Magnitude 
conceiveable, becauſe infinitely ſmall, | 

Multinomial.) See Polynomial. | 

Negative Signs.) See under the laſt Article (or Head) among the 
Characters uſed in Algebra for (—). 

Negative, or the Arithmetic of Negatives, ] Is that kind wherein Ne- 
gative Numbers or Quantities are employed, which are known by 
this mark (—) before them. 

B b b 2 The 
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The Numeration is no more than only adding the Words [leſs 


than nothing] to what is wrote down; as — a, or —7 is read a 


leſs than nothing, or 7 leſs than nothing, and —.75 ec is that De- 
cimal leſs than nothing. | 
Addition] Shews the adding of Negative to Negative or. Affir- 
mative, as by the Rule of adding the Quantities of like Signs to- 
gether, and taking the Difference for the Sum; as the Sum of 
—7 + —318 —10; —7-p31 — 43; and 12+ —13=—1, 
Sulſtraction] Is done by changing the Sign of the Subtrahend, and 
then adding the Quantities; as from —7 take —3, reſts—4 ;. 
from —7 take —3, reſts — 10; and if from 12 you take — 13, 
there reſts 25, Cc. | 
Multiplication] Is nothing difficult, for you only obferve, that if 
nr of like Signs be multiplied, the Sign of the Product is 
Affirmative or - but. if the Factors have unlike Signs, the Sign 
of the 7 — is Negative or —: Thus we by —3 is 21, and ſo 
7b 33 but 7 by —3 is —21, and —12 by 13 is —156, 
ch And the ſame Rule ſerveth for T2 ; ' 
Diviſion f Negatives.) As to prove thoſe in Multiplication, 
21 —7 quoteth — 3; — 21 —3 quoteth 7; and — 156= 13 
=—x2, All which you'll find farther illuſtrated, with variety of 
Examples, Se. 3. of Chap. 7. alſo Sections 2, 3, 4, and 5 of this 
Chap. X. and the laſt of my Examples in Converging Series near the 
end of the Book. | 
Nome.) Whence Binomial, - Trinomial, and Multi- (or Poly-) 
nomial, i. e. Roots of 2, 3, or more Names; ſee thoſe Words. 

- Numeral Algebra.) When the Work is performed Algebraically 
with Figures or Numbers, and not Letters. 

Periodical Degrees, or Parodical.) Of the Terms of a Cubical ec 
Equation, are when the Exponents of the Powers therein riſe or fall 
gradually in an Arithmetical Ratio, as u*— 59 #* 1154 — 80804 
= — 12000, Cc. are regular Biquadratics, having all their Terms 
in a gradual Order. | 

Permanent Quantities.] In Fluxions fuch Quantities as are inva- 
riable without Motion, or at Reſt, and conſequently have no Flu- 
xions to them. | 

Powers of Quantities.) See that of Numbers, Chap. I. Sed. 1. or 
Exponents here below; as 2 or c, Sc. are Roots or firſt. Powers, 
44 or cc are Squares or ſecond Powers, aun or ccc the Cubes or 
third Powers. | 

Power: 
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Power 10 rags the Powers of Numbers to that of any other.) As ſup- 
poſe I raiſe the Root h to the ſame Power as ccc or >, this is 
to multiply h in itſelf ec, to bring it to the fourth Power or Bi- 


quadrat: Or ſuppoſe 582, were to be multiplied by 2, here 2 muſt 
be raiſed up to the ſame Power or Cube with the 82, and it will 


ſtand either 2 82, or / 8 K J 82 = 656; this will be of Uſe to 
obſerve, when you come to the Doctrine of ſurd Quantities, Se, 7. 
of this Chapter. 

Polynomial Roots or Quantities.) Thoſe which conſiſt of above three 
Names or Numbers; as . n, &c. 

Poſitive Quantities, ] The ſame with Affirmative; which are thoſe 
that are marked with or follow the Sign , or elſe ſuch as have 
no Sign before them. I 

Quantity.) In Algebra, either that ſought for, or thoſe given in 
a Queſtion, or they are all thoſe « oy which repreſent any 
Number. See Simple, Compound, Surd, and Variable Quantity. 

Quadratic Equations] Are ſuch (or reduceable to ſuch) as have 
the Square of the unknown Quantity in the firſt Term, and the 
Root (or that multiplied in ſome known Quantity) in the ſecond 
Term, as uu 2 rs. See two Sorts, Se, the 1oth of this 
Chapter, 

Rotional Quantities.) Either ſuch whoſe Roots can be extracted 
accurately; or ſuch as are already the Root of ſome Quantities, or 
which want no Extraction. 2 | | 

Raiſe the Powers of Number or Quantity.] See Powers. 


Radical Signs] Are v for the Sqary Root; y for the Cube; / 
for the Biquadrat Root, Fc. ſee Roots and the Powers in the Ar- 
ticle preceeding, of Algebraical Characters: And alſo 1 

Roots of Quantitirs.] Are either (in Algebra) put actually down 
(if of Rational Quantities) or.if of Surd Quantities the Root is 
expreſſed by utting the proper Radical Sign before the Quantity; 
thus in the 5 Caſe, the Square Root of 55 is b, of cc is c, &c. 
the Cube Root of v# is 1, &c. and in the ſecond Caſe, the Square 
Root of - is HY; the Cube Root of « +5 is YZ; the 


Biquadrat Root of it is V 5-5, and the like of any other Surd 
uantity, See Binomial, Trinomal, Polynomial, and Reſidual. Note, 
hat the Surd cy/ d, ec, is c multiplied in the Square Root of d, ec. 


| Reſolution 
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- Reſolution of 42 or to ſolve) Equations.) After an Agebraiſt has done 
with the — — ng an Equation, as under that Word, he reſolves 
it by ſeveral Rules requiſite thereto, as by Multiplication, Diviſion, 
Addition, Subſtraftion, Evolution, &c, ſo the + peta compoſed 


under the word Compoſing as above, whietr is = —=; being re- 


ſolved by. multiplying by the Denominators of the Fraction, and 
adding 3 to each Part of the Equation, dividing by 14 and 65 


(or 17) gives the Solution of the Queſtion, or the Canon « = = 


Now b we find is = 1000 in the Queſtion, ſo u the unknown 
Quantity is eaſily found by dividing 6000, by 17. And the E, * 
tion under that Word, vix. uc dra being reſolved, 


v= = Particular Rules for reſolving Equations, ſee Ser, 


the gth of chis Cha ter; where it a „ that an Equation is 
reſolved when the unknown Quantity alone alone poſſeſſeth one Side of 
the Equation. as here # doth. 

Reſidual Roots or Quantities.] Such as have a ee Sign be- 
1 — as he — d, &c. or 40—10=30 the Reſidue. 

oe In a ſtrict Senſe are thoſe lingle Letters which 
N. 1 7 ſeveral Numbers in a Problem, given or required: 
Or ſome take them in a larger Senfe, - for ſuch Quantities as are 
not connected by + or — to any other, ee be multiplied 
in other; of the firſt fort are ö, or e, or 4 'of the ſecond are 
45, bc, drs, &c. 
_ - Signs,] See the Table of CharaFers, Article W. of this Section; 
alſo Affirmative, Negative, and Radical. 

_ Simple! Equations.) Such as are free om the lnvolution or Powers 
of the unknown Number or Quantity 

_ Simple Quadratic E — . = 4s as have (or are reduceable to 
Have) the Square of the unknown Number or Quantity in mw 
one of the Members or Terms, as 1 u =p 4, that is, « r 
u u udc, which by the Secluſion of « in each, is 2 2 3 

Series.] A Rank, Row, or Column of Numbers of Quantities 
2 —.— See Progreſſion and Converging Serigs, 

Speoies.Þ tn Algebra, ave the Letters. which repreſent the Num- 
ben i in a Queſtion, they are alſo called a Symbols 3 ſo ſpeciqus Arih- 
metic is not N umeral, but Literal Alger a. 

Subſtitution:] 
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Subſtitution] Is the putting one Symbol or Quantity into the 
Progreſs of Algebraical Operations, in the room of ſome other: 
As in the Solution of a Quadratic Equation, by changing the 
ſecond Term, and as in Fluxions. 

Surd ne] Such as cannot have the Root expreſſed, and 
are therefore marked with their proper Radical Sign, which Term 
ſee above, and alſo Roots of Nuantities. 

Terms] Of an Equation, are commonly ſaid to be the. ſeveral 
Members more z Tee that Word above ) but if in a Quadratic, 
as 1 1 7. ud IK Ec, the Terms are called but three Terms, 
as 1 the firſt; «þ ＋ ud (becauſe the known Quantities are multi- 
plied in the ſame power of the unknown) the ſecond ; and Ie 
the third Term. 

Tranſpoſition] Is the changing the Places of the Members of an 
Equation, in order to make the unknown Quantities to poſſeſs one 
Side, and the known the other Side of the Equation ; whereby 
the Knowledge is gained of what Value the Number ſought in a 
of his de really is, by- finding what it is equal to. See el. 9. 

this Chapter, for Rules to perform the ſame. 
5 or Lare Are ſuch as have chree Nomes or 
— as u -N , &c. 

Vaniſh, or be Wanting.) A ans tity is ſo, when by Reduction or 
Contraction it is __ ged or thrown out of an Equation : Or as 
in a Cubic, Sc. 
known Quantity are only expreſſed, as x* + x: here x* is wanting. 
Variable Quantities] Are ſuch as are ſuppoſed in continual Mo- © 
tion, whereby they generate Lines, Superficies, and Solids, the- 
ſame as. Flowing Quantities. 

Unciæ] Are the Numbers prefixed- to the -Quantities, which 
= the Powers of ſome Binomial Roots; as in che Square of 

e ab ++b, the Uuciæ is 1, 2, 1, for aa and $$ are 144 
At o in the Cube of ab, viz. 43 aab 3abb4-bbb, 
the Uncie is 1, 3, 3, 1, Sc. for according to Sir Jſaac Newton's Rule, 


the Uncie of any W are mw ( ſuppoſe the third Power or 


Cube) by this Rule; 1x (3x0 6 li, which in Words 


is read thus: One munipled in 3 — Power, leſs o, divided by 1 
is 3 = the ſecond of the Unciz; 3, the ſecond, muitiplied in 3 the 
Power, leſs 1, divided by 2, gives 3 = the third of the Uncie ; 
and 3, the third multiplied in the Power 3, leſs. 5 divided by 3, 
gives 1 the fourth of the Uncie. 2 


hen the higheſt and loweſt Powers of the un- 


— aſe 
K — 


— 
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And by the ſame Rule, the Cuciæ of the Surſolid is 1, 5, 10, 
— py 5, 1, for 3 — and the ref are the peat OW 


This (1x2 (9x ( (10x22 Ts (5x2 : - (x z ſee 


alſo $28. 6. 
Vinculum] Is a Compound Surd Quantity multiplied by a Fluri. 
on; in which this is a Term. 

Unifold,] To unfold an Algebraick Canon, expreſſed Literally, 
1s to e the known Quantities with the Numbers which they 
repreſent ; and working with them, as the Canon directs, we diſcover 
the Value of the unknown N umber, or that * 

Wanling.] See Vaniſb. 

Faving in this Section Jaid a plain and copious Foundation ; I 
ſhall be e briefer in the ſubſequent Rules, but no farther 
c is e with evident Demonſtration. | 


l 3 II. Addition N 
Note 7850 Note 35 


— ng I, Example 2. 
Literal 96 = 630 Numeral | "TP Ln 120 n. — 420 Nume al 


10 M00 — 7 == — 245 
* 70 20. = 700. 


| Bum 20 = 1400 Sum or Proof | | Sum = { = 35 Sum or Proof 


Compound Quantities. Note, d=4; g=16;z h=6, 
3d4db+ bbg= 288+ 576 Example 3. 
445154 96 — 1152 pl 
; _ SO nyo 576 


Sum — ddb. . | 0=— 96 ＋ o Sum for Proof. 
The General Rule for Addition. | 
That the Quantities of like Signs are to be added together, and where 
"there are different Signs, as in the ſecond and third xamples, you muſt 
ſubſtract the Sum under one Sign from that under another, and put the 
Difference down marked with the ſame Sign as that Sum, wherein was 
the Exceſs: As I deduct 196 from 20c (in the ſecond Example) 
and the Difference is c for the Sum required. 
And in the third Example, (Col. 1.) the Exceſs lies in the N 
tive Sign, TY ws eee ae is — 45 
(or — 1 Is dh.) | | 
50 And 
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And in the ſecond Series of Quantities in that third Example, 
the Signs making the Quantities to balance; I therefore put (o) 
down, all which is proved by the reſpective Numbers. ; 10.1208 
And whereas it may be thought ſtrange, that a Sum Total ſhould 
be 44h, or 96 leſs than nothing; it is no more than what falls out 
in many Caſes: For if a Merchant draws on his Factor 480 /. (as 
the Number is in Example 3.) and that Factor has but 288 l. and 
6 J. =viz, 3844, to pay the Bills in his Hands; tis plain, when 
I Factor has paid what is drawn on him, the Merchant will have 
96 J. leſs than o in the Factor's Hands, Cc. And chis is alſo plain 
from the Reaſon given for adding Affirmative and Negative Indices 
of Logarithms, Chap, IV. foregoing ; which they who have con- 
ſidered, the Addition and Subſtraction of Algebra will to them ap- 
pear evident and reaſonable. | . nd 
And when Numbers are to be added that have different Quanti- 
ties annexed, there is nothing to do but to put them down in one 
Line with their Signs between them; as to add 34 to 3 ad,  18= 
5ab+-3ad; and ube to it is — rst-uber, &c. And the 
Quantities in the foregoing Examples are truly added by the ſame 
way, being afterward contracted as under the word Contractien in 
the laſt Section foregoing. _ K 


Scr. III. Subſtrafion of Algebra. 


The General Rule, 8c. ſee after the Examples. 
Note, b=70 Example 1. Example 2: 
From 20b= 1400 From = $8:.:9 


Literal = = Numeral | Take—19c= — 665 
| Take 11 b=770_ | | — 
- | Reſts 975 30 - Reſts 20c> 500 


Note (as in Addition of Compound Quantities A; g=16, and. 


Take — 5 ddb— 285b 2 —4 0 — 1152 1 


| Reſts 4ddb+ 2gbb= 384 + 1152 
And as a fourth Example; if from 44d4b-+g hh bb, I take 
bb-jgg—hb—d. The Remainer will dad e: 1 ! 


4ddb+-ghb+bb; -g TDA. 
F Ccc | For 


x 
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For Proof of which. By the ee it 57755 that 4 ddb 384 


From this Sum 5860 taking the 2 7; ghb= 576 
Sum of the four Quantities in the | 552 
Subtrahend (added according to Su = 885 0 
the Rules of Addition,) which is wiz, bb 420 676 

636, the Remainet is 5224 as gg=256 7 

by the Margin —bb= 36 =636 


And ſo it will be by this Rule. — . 44 5224 
The General Rule for Subſtraction, i. e. 


mo the Sign of the Quantities to be ſubſtirafted, and then proceed as 
in 

So in the firſ Example, 20þ—11b=96, for 1400—770 =630 z 
which is 9b, or 9 times 70. 

And.in the ſecond Example, c+19c=20c, or 35+663=700 3 
which is 20 times 35. 

In the third Example; I change the Sign of 2ghb, (or 1152), 
add the ſame to (o), makes 4-2ghb=—5-1152; and—54 * r 
— 480 having the Sign changed and added to — ddb, and 46 
gives 44db, or 384=the Remainer as you ſee, And 


In the fourth Example; If the four _— of the Subtrahend be 
changed and made as in the Re- 


mainer above, that Remainer 4ddb= 384 
will prove true and agreeable to- ghb= 576 
the Deduction foregoing, altho? bbþ== 4900 
it be done differen _ and ac- Sum =5;860 
cording to the General Rule for And—þþ=—470 


Subſtraction of Algebraical Inte- =—256 —676 6 6 
gers, as by the Margin appears, ＋55 36 _— 3 
* „ 2 _ 
ode, Theſe Examples — 4 
the Truth of thoſe in A — Reſts < oY 
The Reaſon of the General Rule for Subſtraction. 
1f, Either the * Subtrahend is E or —, if + as to 
take 2 from 6, or © 2K 2 from 6 is (ſpeaking Algebrai- 


cally) to ſay 6 — 2 or leſs 2) whereby the Si f the 2 is of 
Courſe Aen. ö * —_ 


2dly, And 


1 


Multiplication of Algebra. T1) 

theWga of 2 (ec) as given to be ſubſtracted were 

. * 9 is faid of Sübltrackten of Indices of Logarithms, 
2 the Reaſon of the Thing itſelf; if I take (o) 


by = there will remain 6; but if — 2 (2 leſs than 0) from 6, 
tis the ſame as to add 2 to 6, ſo there muſt remain 8; for by 
how much the leſs any Number is that is deducted, by ſo much 
the greater is the Remainer; and by how much ſoever the Num- 
ber ſubſtracted is lefs than o, by ſo much does it make the Re- 
mainer greater than the Sum ſubſtracted from. 


"Sect. IV. Multiplication in Algebra. 


Note, 18235 3 b=12z e=20z d=4; g=5; h=10. 
A General Rule, ſee after the Examples. 


— - >. 


Prop. 1. To multiply ſimple Quantities by Simple. 
M 


ultiply — 1 = 25 Multiply 4 = 4 Caſe 2. 
Caſes, by — 12 n 
— bu = 300 Product dg = 20 
i —— M.ultiply a = 25 
Caſe 3. by 5 10 by —c =—20 Caſe 4. 


Product — << = — 200 — — 


Pen 2. To multiply y compound uantities b Simple. 


Caſe 1. 9 PEERS 500 * Caſe 1. 
— — 10080 
1 — 
Caſe 2. Mukiply — e4—þ =— 80 | — 10 Caſes. 
by —c= — 20 


Product Tei + + 1600 + 200=1800 
—ů— “ͤk[ 8 
Caſe 3. W 2bupd= 500 To 4 Caſe 3. 


PRREIS 


Product —2 key 10000 — 1 


— 


Ccc 2 * Prop. 


90 Multiplication of Hole. Char. N 


4 Prop 4 To multiply compound Quantities ty Compound. | 


Caſe I, Multiply wh move” fy 5 = 105 
* ee e 


— — 


2 328 
bb+eb 315 
Product 866-225 +bbb I gh= 3675 Product. 


2 


Caſe 2. Multiply PO =Z—I00—5 =— 105 
3s 
bh HAR” 
2 '155 "MJ 315 | 
* Produ8t -C- As Product. 
— — — — 
Caſe 3. Mukiply bb-jg = 100 ＋ 5 = 105 | 
Jong g=— 0 Done Ig TIOnE—— 5c 
—ggbbomggg —525 
7. ——hpb—gb — 


Trodoet = —ggbb—gag—bbb—gb=—3675 Product. | 


þ ITY 


"Feb Cofſick Powers, ſee; at the end of Diviſion of Agra. : 
The General Rult for Multiplication. 


If the Signs of both the Factors are like, then the Sign of the Product: 
ts A male, But if the Signs of tbe Fators are rand, the Sigp of 
the Product is Negative. © 
This Rule will. appear to be obſerved in W's nine Caſes of Mul- 
liplication as above, which I have demonſtrated by Numbers, which. 
agree to the Quantities of the Factors and 
Products: For Inſtance, the Product of: Quantities. Values. 


the firſt Caſe of Prop. 3. is as in the Mar- 9 * 
gin, where the Value of the Product is e- ———— . ny 2 as: 
qual to the Rectangle of thoſe Numbers 5 
os and 35 (the Values of the 9 80 25 
being together. _— 


The- 


Scr. V. Diviſin of Algebra. 357 
. The Reaſon of the General Rule for Multiplicatioͤn. 
1, Multiphcation being nothing but the Work of many Addi- 
tions; it follows that - ab being added to — ab, A 
is the ſame as multiplying —ab by 23 and fo —gb —2gh —3gb 
added, is =— 6gb, which is the ſame as —gh5x6 ; which ſhews, 
that the Negative Quantity "x, (4 by the Affirmative 6, muſt give 
the Negative —6 gh, and the like Reaſon holds for any other Ne- 
gative by a ive Quantity. — U— ö 441+ "AR 
 2dly, And as in Logic, two Negatives make an Affirmative x fo 
in Algebra, one Negative Number or Quantity multiplied by ano- 
ther Negative, produceth an Affirmative : For the Sign — being 
directly contrary to T2 muſt make a Product of a direct contrary. 
Nature when the Multiplier is —, then (as above) when it is 7-3 
as ſubſtracting a Negative, is adding really ſo much as we ſeem to 
ſubſtract, as — 2 from 4 i86.. © — — 


Ster. v. Diviſien of Algebra. 


1 mall make uſe of che ſame Letters and their Values as in the 
laſt Section, and the Examples ſhall be ſuch as to prove both them - 
ſelves and thoſe in the laſt Section. 

Prop. 1. To divide a ſimple Quantity by a Simple. 

Caſe 1. Divide bu 300|—b) bu (=#=Quote=25 ; for —12) $00(—=25 =—x 
by —b=—12 bu — 
— 60 


O 


| Caſe2 Divide dg=40 | g) dg (d the Quote; for 5) 40 (8 d 
j "Og 5 ag 3 


— O 


0 
8 


| Caſe 3. Divide —cb=—200 b)—ch(—c the Quote for 10 ;)—200 (—20=>—c 


by = 20 —c< — 
5 — 00 
2 2 


- | P rop. 


805 DD of Ae, "Cur. X. 
5 Pr.. To divide a Compound be a ſimple Quantity. 
Caſe r. Divide» 8 d Eee ae 2 ebu-ted(a bu-+-dpo)noodon (504 


A by | 2chy' =2bu-+4 
wat tute £04 es rent 9012 74 ed | 
ALS 1 a. | 64 1 
| 8 — 
Quote 
br Divideecd-+-eb= 1600 200 . 20) 80 
wot by — = : — 20 LL | — 
;: ** a 
cb 
0 
Caſe 3. Ry 1 
Divide —2 c6u—cd= Deo 0 „3 eitake 20) — 1008005 
by — ue. 
5 a 4 
0 


— 
Prop. 3. To divide compound Quantities by Compound, 
Cuſe 1. Divide gghb+ggg ee by +b=35 ol 1 
uo 


b be Cr 3503675 (ro b 
ggbbT b 3 75 
DDD reſt of the 
| _ 33 Dividend. 3 

ggg, if Contracted, | 
4117 Deduct. 

| o reſts. 

— 


Caſe 2. Divide rte agg 555 T4 3675 

y oY. =— 10 

m—bb=g)gghb4-gggi-bbbT-gb (=gg—bl—105) 3675 (— 35=Qs 
55 Quote. "526 =—gg—b 


hb--gh . — 
H- 0 
0 
reſts 9 


sser. V. Diviſion ef Algebra. 2 
Caſe 3. Divide 6b —=ggg -bbb —gb | 5 
1 eie S the Dees 
eee the reſt of 175 


(the Dividend. 
Or —e82—2b if Contracted. - 
r 
— © General Rule as to the Signs. 
It is eaſily ſeen by the g Caſes above, that if you divide Quaartities- 
by thoſe having like Signs with thoſe divided, then the Signs of thoſe 
put in the Quote are ſ or Affirmative ; but if the Sigris of the Dividend 
and Diviſor are unlike, then the Sign of thoſe Quantities put in che 
Quote are Negative. Ile: | | 
| General Rule as to the Quantities. | 
Proceed in the Method of common Diviſion, putting thoſe Quantĩ- 
ties in the Quote which are not in the Diviſor, as in the laſt Caſe; I aſk 
how often at Tn ? N — therefore is hb, which I put in 
the Quote, and multiplying the Diuiſor by bb, is =—ggbb—bbb (in the 
laſt Caſe above), ſo the — is —- ggg (becauſe the Sign 
muſt be changed of bbb, to deduct it from —ggg); then becauſe here 
is -b, they deſtroy one another, (as is ſhewn under the Word 
Contraction, in Set. 1. of this Chap.) ſo there reſts but B and 
I find I can have —gg of the Dryiſor in — ggg of the Diviazal g, b 
which multiplying the Diviſor —gg—5, produceth —ggg -, whi 
- deducted from the laſt compound Quantity contracted, leaves o, or 
nothing for a Remainer. 

But tho? this is pony enough, and ſerves to ſhew the Coherence of 
Diviſion in Algebra, with that in other kinds of Arithmetic ; yet it is far 
from falling in uſe, ſo much as where the Diviſor in Species will not 
divide any — of the Dividend; or eſpecially where it wont divide 
it all, but part; and the reſt as a Fraction of the Diviſor being 


put under the remaining part of the Dividend. 


The firſt Kind of mere common Caſes in Diviſion are theſe. 
— 
c 


and 


* 5 
To divide gb by 7, quoteth ; ſopr- Cu- bye, — 


\ 


5% | Diviſion of Algebra. Y CHA p. X. 
and alſo c4—c+-m by pri, r &c. which are 


done by only putting the Dividend over the Diviſor. 
be ſecond kind of more common Caſes in Diviſion * 


Where the Diviſor is 10 1 35 («+ e. Quote 


44 


- -- 


found in ſome Quanti- 
a . ee L 
not in all: As . 
g being divi os 1 a 4.4 refts. ; 
15 will ſtand as in on N ee, 0 3 
e Margin. ms Bf: mau pr — 1. 94 
So alſo to divide m | ay ag m Apr 
. Þ-pru+gb—r5 by mu pr u S the Quote. 
— 2 


ms-pr. 
1 Truth of theſe two Caſes is eaſily demonſtrated, b 
the Species to repreſent any Numbers. But becauſe 1 Aal a les ; 
- Further have Occaſion to ſhew how to ſolve Equations by Diviſion, 
I ſhall refer the Numeral Work thereto. | 
A learned Friend put me in mind of giving this for my laſt Ex- 
—_— in Diviſian. 
4 25). 22 eee 4-44 = — the Quote, 
nee 4 ++ (prov'd mo. 


15 84 e 3s 2 DEA -A e - 
3 —t—P Tree 


75² * Sum a -U S the Prod. contracted. 
* = — 25 | =the Dividend. 


— 


r. 

2 5 

2 2 
= 


Scr. VI. To raiſe the Powers of Numbers, &c. 389 
And Note, That the Differences of any two like Powers of two 
Quantities, will always be divided by the Difference of the Quan- 
tities without any Remainer, as a*—b*— a—b,=a*--a*b-ab*-Þ, _ 

2. When the Exponents of the Powers are odd Numbers, the 
Sum of the Powers can be divided by the Sum of the Quantities 
without Remainer, as a - a+b,=4a* —ab-j-bb. And as 
in the above Example at large. | | 

Alſo when the Powers are even, the Difference of the Powers 

can be divided by the Sum of the Quantities; as 4 — b* + 4 -b, 
Sa —&þ-b&Þ —&Þ raft —0, 


SzcT. VI, Of raiſing the Powers of Numbers and Quantities and of 
Extrafting the Roots. | 


1. By the following Table you have the ſeveral Ways of ex- 
g the Powers with their Exponents, both of Numbers and 
cies z what is ſaid of the Powers of 9 being expreſſed by their 
nana being to be taken alfo in the other Roots 8, 7, 6, 5, 
4, 3, 2, and 1, for as 9 is to the 10 Power of 9, which by the 
Table is 348678440rt : So is 8 =the 10% Power of 8, which you 
ſee is 1073741824, which are the two various Ways of expreſſing 
the Powers of Numbers. 

2, For the Powers of Quantities, whether Simple as thoſe of u, 
or compounded by Multiplication as thoſe of , VIZ. uu or u, 
and uu# or u*, &c. for the ſecond and third Powers of u, or of 
ub, whoſe Square is ub, or better u*b*, the Cube 2 ; you 
have the beſt way of Notation in this Table. 


Ddd 414 


— - 
— — ———ä—ä—m 2 — 


—ͤ——I — — 


386 To raiſe the Powers of Numbers, &C, CAF. X. 
A TABLE Sewing the ſeveral Ways of expreſſing the Powers, 
ORE both + Nabe i $ — hy 


: Jv Þþs8 [6 4 8:6 | i . $8 9 | 
t 
12 Q — a 2 _ _& "= [-v 
Dee 
11 | | | 8 e Bp- 
|| | | ah HE i : 2 © 
| [ | [ 5 8 8 4 | E E 
| S — ' 2 | 
| 8 © 1 2 | 7 
| 8 5 | f S | | E Z 
| = | & — Q | © | 1 
I I I | 1 Z 1 | 
4 38316 32 12 256} 512 10 
9 27 81] 243 218 6561 196 3K 
16 64 | 256 | 102 16384] 655360 2621 104851 
25 171 625 | 3125] 15625] 78125] 390625] 1953125} 97065 
3 216 | 1296 | 7776] 46656] 279936] 1679616] 10077 Golden 
49 | 343 | 2491 168 ff 823543] 5764801] 40333607] 28247; 
64 | $12 $096 | 32768]262144/20971 52116777210) 3421772807374 
81 | 729] 556: |5904931441147829 30467211387420489]3 486764 
g* 9 9797 97 9 9 
10? 105] 10110 | 105 to? 10 10" 
wu | van r u n uU us auI 
2 23 * 27 26 „ [28 1 110 
| ; 


; 5 #363 4s es 0 38 v9 3 21 1 
be eller 5456 646 LS 36836 þro 


And the Notation of Powers with Fraftional Exponents is thus: 


ts. (Square: ; Touared [Cubed | Squared 
id. Baud. Cube. Surſolid. 
at 40 45 
a3 | a3 [a 
| a's | a* | a a, &c. 
| with Literal Exponents, thus: 
»| w|w| wn | a ECE un | gn | 109 
2474/47 5 a", 4“ a", [4 a „ Kc! 
ent 4654 i . Some 


str. VI, Toraiſe the Powers of Numbers, &c. 387 


bene Obſervations upon this Table. 


1. Any two Exponents added, give that of the Product of the 
reſpective Powers: As where the Root is 3, and the'Exponents 4 
and 5. I fay, the Sum of 4 and 5 =9, which is equal to the Ex- 

t of the Rectangle of the reſpective Powers 243x81 = 19683. 
2. Double any Exponent, gives the Exponent of the Square of 
the reſpective Power, as in the 4th Power of 5, which is 625. I 
ſay, double the Exponent is 8, which is the Exponent of the Rect- 
angle of 625x625, viz. of 390625. 
3. Tobſerve that 3, 4, ec times any Exponent, gives the Ex- 
ponent of the 3d, 4th; Sc. Powers: As three times the Exponent 
2 is 6, ſo the Cube of the Powers 9, 16, ec under the Exponent 
2, ou 729, 4096, ec the reſpective Powers under the Expo- 
nent 6. 

4. If an 8th Power be to be divided by a 2d Power, the 
nent 2 taken from the Exponent 8, leaves the Exponent 6 ſo any 
of the Numbers under the Exponent 8, (as ſuppoſe 256,) divided 
by any of thoſe reſpectively under the nent 2, (as for In- 
ſtance 4,) the now will be reſpectively Powers under the 
| ent 6, (in this Example 64.) 

5. The Cube ec Root of any Power, is the Power reſpectively 
of the Exponent of that Power given, divided by 3ec ; fo the 
Cube Root of 262144 (its Exponent being 9, a third of which is 
3,) is 64, found under the Exponent 3, and againſt the Power 

iven. So likewiſe the Surſolid Root of 1024, (or any of the 
— under the Exponent 10,) is 4, or the reſpective Num- 
bers under the Exponent 2, the Quote of 10 divided by 5 ; for 
4'=1024 the Proof. So much for railing the Powers of Quantities 
compounded by Multiplication ; I proceed to ſhew, 


D dd 2 IN, How 


388 Tv raiſe the Powers of Numbers, &c. CMHAr. X. 

III. How to raiſe the Powers of Quantities compounded by Addition or 
1 i. e. from a Binomial or Reſidual Root, and to extract 

ts. ; 

1 b= the Root or 1ſt Power. 

8 

4 r Square or 2d Power of «jb 

| Ai 


1 ν,ł 26 Uu -u 


bu nu zbDA55 


f T 3000 00h the Cube or 3d Power of « -b. 
1 x | 


1 0 
D F3bbuuÞ+ ut” 
+ bu ＋3bbAuT3 ub + b* 


2 + 4bu* +6Þ* u* +4u — .* the Biquadrat or 4th Power of ub. 


Ut abet Lore +arh + ubt 

+ bu* + 4b + 64*b* Aub. 55 
A +5bu*-100*u*--10uÞ*+5u6+b* = the Surſolid or thPower of 
| ub (u-, 


#6] 55 105 L10455 575. — 55 
bu'+- SD -I ⁰ O” - g , 
13 6b +1 55 20 UL 5 5.6. }5=the Squared Cube 
ub (of ub. 


v"+6bu*-{-1 Sant 55 L 61+ 4b. 


+ bu*+ 6 ⁰ i 51 +200 b*-15u*b'5-6ub*-d" 
u"+7bu*S-21Þ*u*+-3 54% __ 214*b'--7ub*+d" = the 2d 
packs n ba F (Surfolid of b. 


1 LS +28Þ*u% +564" 70u*b*+-561 C282 b*+-8ub" +6 


(=the 8th. Power, 

1 -h - -36b +844u%*+-x264*b*+126u%' +84u*b*+361u"Þ+ 
- 10bu%+ 45Þ*u*+1201"b*o- 210 - 25 b 2104/0 
(120 +45u%b*+10uÞ*+b** = the 10 Power of 4. 
5 . Obſervations 


Scr. VI. To raiſe the Powers of Numbers, &c. 389 
Obſervations from this laſt Table of Powers, 


1. That the Sum of the Square of the Parts of any Number or 
Quantity more the double Rectangle is = the Square of the whole, 
as per Euclid. | 

2. That the foregoing Example of Powers may ſerve as a Table 
for any one to know any Power of any other Binomial Roots by, 
though of other Letters, mutatis mutandis ; the Unciæ and Powers 
being the ſame as in this. 

3. That the roth Power is eaſily produced from the ꝗth or any 
ſubſequent Power from the preceding, by firſt finding the Unciæ 
as per the. Rules foregoing, or as under the 5th Head following, 
and conſidering the Courſe of the Powers that precede that which 
you would find: By which Method I have produced the 8th, gth, 
and 10th Powers without any Multiplication, 

4. And that the Reader may not want a proper Way of expreſ- 
fing in Words any Power, I ſhall give an . how the 1oth 
Power is properly read ; which is thus : : 

The ſquared Surſolid of u, more 10. times the Rectangle of h in 
the cubed Cube of u; more 45 times the Square of þ in the ſquared 
Biquadrat of a; more 120 times the 2d Surſolid of in the Cube 
of b; more 210 times the ſquared Cube of « in the Biquadrat of 5; 
more 252 times the Surſolid of «4 in the Surſolid of þ; more 210 
times the Biquadrat of in the ſquared Cube of Y; more 120 times 
the Cube of « in the 2d Surfolid of ); more 45 times the Square of 
in the ſquared Biquadrat of bz more 10 times « in the cubed Cube 
of ; more the ſquared Surſolid of þ. 

5. A very brief Way of finding the Unciæ of any Power by that of the 
next preceding Power is this; (which I have not ſeen given before.) 


* 


A ſecond Way of finding the Unciæ. 


Add the Unciz of the iſt and 24 Members (for Example of the 
gth Power to find the Unciæ of the roth) together they make 10, 
which is that of the 2d Member of the 1oth Power, 36 in the 3d, 
and 9 in the 2d Members of the th Power is the 3d Member in 
the 1oth or 45; 36 and 84 in the 3d and 4th Members is 120 be- 
longing to the 4th Member of the 1oth Power, &c. of the reſt, 

And the Powers themſelves, and their proper Exponents are found by 


the like Method, obſerving, That in which of the 2 Powers ſoever 
added, 


IM A New Way to find the Uncie: CHae. X. 


added, is the greateſt Exponent, that Exponent muſt be put in 
the Sum. | 
Thus to make the 1oth Power by theſe Rules from the gth. The 
Uncie of the 1ſt and ad Members is 10 = the 2d in the 1oth ; and 
the Sum of the Powers is bu? ; (becauſe 9 is found the higheſt Ex- 
ponent of « and þ is only the 1ſt Power.) So 10 is the 2d Mem- 
ber of the 10th Power. The 3d Member of the roth is the 2d and 
3d Members of the gth, &c. done as in that laſt mentioned. 
And this will be made plain by a Numeral Example of finding 
the Unciz to the 15th Power of a Binomial, by an .eaſy Addition 
of only two Numbers ; which Unciz, with thoſe of all the interme- 


- diate, are found much ſpeedier than that ef the 15th Power alone 
can be by the Method before- mentioned; which requires Subſtra- 


ction, Multiplication, and Diviſion, and thoſe pretty tedious ones 
before thoſe of the 15th Power can be exhibited by this Method. 


A new Table of the Unciæ to the 15th Power of a Binomial Root, 
18 made by Addition only. | 


45 120 210 252 210 120 4 3 Wn 


55 165 330 462 462 330 165 55 11 1 0 1 
12 66 220 495 792 924 792 495 220 66 12 1 (ny. 
13 78 286 715 1287 1716 1716 1287 715 286 78 13 1 


This Method, to me, is intirely New, and my own Contrivance : 
But ſee a Third Way a little farther. 


6. lt is obſervable, that the Unciz encreaſe till you come to 
the middle, and then decreaſe; there being the ſame Unciæ to the 


right hand of the higheſt, as towards the left; fo that when 


you 


= the Uncz 


15 105 455 1365 3003 5005 6435 6435 5005 3003 1365 455 105 15 | io 


the 15 fe 
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ou have found half the Unciæ, you have all: 98 farther, 
hat there are two higheſt Unciæ in the middle of the odd Powers, 
as the 3d, 5th, 7th, &c. Powers. 

And that the Exponents of ſeveral Members after you come to 
the higheſt, do change, as in the roth Power in the former Table 
above; the Member toward the left hand of the higheſt is 
21045 , but toward the right of the higheſt, the Power is 
210 be, which is the ſame, only the Exponent's changed: So 
the 2d Member * the left ad is 1204” 5; but*tis 1204)”. 
The 3d = 45 ] but *tis 45 u 68. 3 
The 4th = 10 4 but *tis 10257, Sc. toward the right. 

7. You may ſee that four of the Unciz, viz. the two firſt and 
two laſt are always known in all Powers, being one; and the Ex- 
| ponent of the Power. And by theſe Rules the Unciz, the Powers, 
and Exponents of any Binomial Root may be found with much 
leſs Trouble than the common Way, or any I have ſeen before. 

8. Butthe Unciz of any Term, or Member of any of the Powers 
in the Table above, may be found without any of the previous 
Unciæ of Powers or their Terms, by eaſy Operations in Multipli- 
cation and Diviſion, as by theſe 6 Examples. 


A third Way of finding the Unciæ. 


Term or Power Factors. Products. Quote or Un- 
Member. ciæ required. 
10832 6 the Diviſor JT _ 
"Ong 4,392 = 24 the Dividend © # 
| I,2,3 = 56 the Diviſor . 
+ 5 554,3 = 60 the Dividend F *® 
I,2,3,4 = 24 the Diviſor hn 
5 = 10,9,8,7 — 5040 the Dividend f 2 
10 1, 2,3, 4,856 _ 720 the Diviſor = 210 
7 10,9,8,7,0,5 = 151200 the Dividend 
I,2,3,4 = 24 the Diviſor gs 
5 15) 15,14,13,12= 32760-the Dividend 4365 
I,2,3 —= 6 the Diviſor A 
7 | 2 16,15, 14 = 3360 the Dividend 560 


Here it may eaſily be ſeen that I tell the Figures from one to 
within one of the Term given, and multiply them together for 4 


Diviſor. 
And 


392 The Square, &c. Numbers by the Canon. CAP. X. 
And telling as many from the Power given backward; I multi- 
ply them one in another for a Dividend; whence the Unciz of any 
erm of any Power ariſeth by Diviſion. 4 
For ſappoſe p=the Exponent of any Power, and = the Term, 
and « = the Uncie ſought, the Rule will be — Fs . 
—IxXp—2XÞ—3, &c. (in this mple the Uncie o 
EE - 2 - — = _ mob the 5th Term or Member of 
e NT We C the 10th Power = 210.) 
9. Any Number may be ſquared by the Canon exhibited in the 
Square, or 2d Power of the above Table of the Powers raiſed from 
a Binomial Root. For Example; What is the Square of 1234? 
The Analytical Square or Canon directing us how to work, is 
n f 2b. Now ſuppoſe 1200 the 2 firſt Figures =a 
And 34 the 2 next the right hand 
It follows, That u* = 1200 1440000 
2 h or uxbx2 is= 81600 200X342 
bb (or 34 34) is= 1156 
Sum =1522756=uu 21 1234“. 
10. — by - wo or K we have a _— ow to cube 
any Number. Example: The Canon = « 4* 1b - 
What is the Cube Ne * 
I ſay 2000 
200 1 
8000000000=#44#4 Or 2000 
2400000000=3uubh=2000* Xx 2ο⏑,jÜG » 
240000000=3ubb=2000 x 200* x3 
8000000= bbb= 2007. 
10048000000 Sum or 2200 or #14 inthe 2d Operation; where 
| 2200 =# 
and 30=b 


435600000=31u4ub, =2200* x ZOXg 
6894000 = 31ubþ =2200 x 900x3 
27000= bb S305. 
11089557000 Sum, or 2230. So in the 3d Operation 2 
| and 2= 


29837400=3uub=2230'x2x3 . 
26760=3ubb= 2230 X 4x 3 
8= bþ$þ = 27. 


K 


11179437166 2232 C N guub-p3ubb+dbb, 
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This proves that the third Power in the foregoing Table is the 
the true Cube of ub, as is here demonſtrated by Numbers wor- 
king with the Species exactly according to the Canon, without having 
regard to the way of placing Numbers in common Multiplication, 

- 11, But that which renders the Powers of a Binomial Root more 
admirably uſeful is, that they ſhew plainly the Reaſon of all thoſe 
myſterious Rules given in extracting the Root of any Power, as the 
Square, Cube, Biquadrat, Tc. Roots in the former Part of this 
Book mentioned: For Example, 


In Extracting the Square Root of 1522756. 
| Canon for the Square Root. 
5 =aa+2ab+bhb. 
1522756 (1000 4 


- 1000000=aa deduct. 


— ——_ __ 


1 this Reſt by 24 2000) 522756 reſts, (200=b=the Quote. 


* 400000= 2 ab. 
40000 b. 
440000=2ab+ , deduct from the 
— . - (laſt Reſt, 


= by 24=2400) 82756 remains, and now 1000 ＋ 200 
| (ro = go , the Quote. 


72000 ab. 

go0= bb, 
72900 =2ab-+db, deduct from the laſt 
— (Remainer. 


＋ by 24=2 9855—reſt; and now 1230 S the 3 
1 3 (Roots aꝗ = the Quote or laſt 
9840 ab. in the Root ſought. 


16= bb. 
9856=24ab+bb, deduct from the 
— (laſt Reſt. 
o reſts. 


Bee And 


3 
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And che Reaſon of Extracting the Cube Root, will appear in 
the — e e according to this Canon 


Extract 

Cane Root of 12129431 x68 redo 1 | 
8000000000 = 484, deduct. 
| 12006000) F719437168 refteth, which Aivide 1 by 5535 WY 
(200 5. (gives 200=b. 
6000 = ga, the Treble Root. 

2000000 = = 34a, _ = the Treble Square of the 
(Root a.. 


I. 24404 


ä 34 ＋ ga a, the Diviſor. 
2365666566 = or 260. 

240000000 r 3a S 6000 x 40000. 
24400000000 = 34-4þ==4000000 X 200 X 3. 
2648000000 =bbb3abb-{- 3aab=the ſubtrahend 

—— (todeduct from the laſt reſolvend. 
000 471431168 rel reſteth the ſecond reſolvend (30 b, = 


(ne Quote. 
6600 Treble Root 2200 r 3a. 
14520000 = 3448=2200* x3. 
e113 301} 354 PEI Ing the Diviſor for 2d Re- 
NaH fc! _ Oo — 30 b. 
dos - ＋ of won | a hðiꝛ db 300. N 
5000 $73 K 5940000 =3abþ=46600 x 900. 


435600000=3aah=/48 40000 x 3OXx3. 
441 S ab 34ab = the ſubtrahend. 
ee 2 2 $0, 168 = third reſotvend reſts. 2=b, the Quote. 
90 za, the Treble Root=2230x3. 
14918700= 34484972900 X3. 


wy 5 * | + Li 3 E | 


g 14923390= 34 F344, the Diviſor for the third 
| (Reſolvend. 
| 8=>bb=2", 


26760 =3abb=6690 x 4. 
' 29837 400=3aab=14 18700 x2, 
— 2555134 A 3a ab, the Sum or ſub- 
(trahend, which taken from the 
; | , ty 2 3d Reſolvend there Reſts (o) 
3 Sothe Root is found 1 


2. 
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And the Proceſs according to the Den 
+; is repeated three times, via. > air. 


iſt, 2000 = =>, and 200 Lp 
2dly, 2200 = a, and 9 11 
3dly, 2230 =a, and 22 


Theſe Examples, according to the 2d Rs * Powers of the 
Binomial Roots in the Table above, fully ſhew the Reaſon of the 
Method ufed in the Extraction of the Square and Cube Roots. 
And by the obferving of the Canon given by the Powers, the 
Root of any other, even the ſquared Surſolid may be extracted: 
As I did that of the Biquadrat in Se#. 6. of Chap. I. Article the 
2d ; having never ſeen it-done but only 3 purely as the 
Ath Power directs. 

IV. The Roots of Algebraic Quantities are ther thoſe of Ra- 
tionals or Surds. 1. The Roots of Rational Quantities, whether 
thoſe Quantities be compounded by Multiplication of Single Bi- 
nomial, or Reſidual Roots are thus expreſs. 


1, How Single Roots of Powers are expreſs'd in 
W Number r 


0 —_ =2232, the Root 


r : 

9 "In Wendy N ark Numb, 
Square 2 8 2 2 

— i. bbb= 27 i= gt 

'Bigmaorat 1 g— 256-1 0 4 

' .Surſolid _ = __ 3125 4-0-4... -5-- 

od Suk Cube 5 46656 | hd = 6 

ng | 0" $23543 me E 


nc - ja SP} * 1 - —— — = 12 2 . 
5: > A — Bidomials and Refidual-Roots are a 
Reſidual Powers. Their — 3 


Binomial Powers. Their Roots. 


. Species. NC. Spec. NA. 
4 25. 9 1 
10 Zub 9g. 3 


11 
1 8 bk 222 I 
| ] e 


396 _ © Surd Roots, how expreſſed; Kc. CAF. X. 
* „ Surd Roots, ot Roots of Surd Quantities, are tant 


y their own Radical Signs. 
Simple Surd Quantities. _ 
Powers, Roots. Powers. Roots, 


Square Root of w=y 1 or in No. — 177 


| Cube Root, þ=y/þ 31587 316 
20 Biquadrat c 0 5171 517 
| Surfolid _ d=vd 735=v/ 735 | 
Squared Cube = E 379 379 


2d Surſolid b=v b 1231 <Y 1231 
Squared Biquad, k= 1 hb —— 239=v 339- 
Cubed. Cube = 1 1129 1129 
2 Surſol. n= „ 1057: 


Compound Surd Quantities. 


Powers. N cots. 


u 45 4k — . 
e — — —. e 
un b-hc+d—g Wei- 


I ee 

ut boo —dopg—b—-k — — / u be- Af —b—k 
TAT eee 
e- -U latbbod—gt+li+n 


17 r % bet — — — * 


It muſt be obſerved, That the Sign conn 
Root: is always the ſame with that of the double 
Negative as. under the ad above. 

ving fully ſhewn the Nature of raiſing» the Powers of 
ties, eee eee 3 the ſame by 


the r 


— 


src r. Vu Tie Arithmetic of Surds, &c. NEG 
bers, it naturally leads me to the Arithmetic of Surd Quantities ; 
which. I ſhall alſo. demonſtrate by Numbers. lo arts F 


Scr. VII. The Algorithm of Surd Quantities. 


In regard there is often Occaſion for Working the Roots of 
| cies or Numbers, as by Addition, Subſtraction, Multiplica- 
tion, Cc. of them; and that it would be tedious and lefs accu- 
rate. ta find near the real Roots of Numbers, and impoſſible to be 
done of all Algebraic Quantities; therefore the Buſineſs. of this 
Section is to give Rules for ſuch Operations in Powers without 
regarding the Roots farther than by the Radical Signs prefixed : 
So that the compleat Powers of Quantities, or 8 may 
hereby be added, ſubſtractad, Cc. as well, (and much ſooner). 
than if the real Roots were known, and the Work done by them 


See Article 7. Sect. 1. of this Chapter. 
I. Reduction of Surd Quantities. 


Reduction is here taught firſt, becauſe Quantities are required 
to be reduced to a common Radical Sign before thoſe that have 
different Signs can be multiplied, divided, G. | 

| Example 1. Reduce / and vc to Surds having a common. 
Radical Sign; or Surds Heterogeneal to Homogeneal: See the 


Operation. 
2 4 The common Radical Sign. (ponents, 
2, 1 = The loweſt Terms of the given Radical Signs or Ex- 


n 


d che Surds given to be reduced: 


4 

Vun, Vc = The Anſwer or the Surds given in a common Radical 
— — (Sign. 

By the Operation it is plain, that firſt I take half the Radical. 
Sign 2 (given) and put it over the other given, or 4; and half 
the pro Radical Sign 4, and place it over the other given or 2, 
which are the loweſt Terms of the given Radical Sign. 

5433 I multiply the Radical Signs given by thoſe ſtanding over 
3 ively, and they produce 4 = the common Radical Sign re- 
quired. 


340 2 T 


398 Multiplication of Sund. Can. X. 

- 2dly, I raiſe the Surd Roots given to the Powers of the loweſt 
Terms of the given Radical Signs which ſtand over the reſpective 
Root; as 2 raiſed to the 2d Power is uu, c in the 1ſt Power 
is c, and placing the common Radical Sign before this uu and 


the c, I have the Anſwer Vu and V e. | 


Example 2d ſhall be in Numbers, a5 to reduce vs md 16 
to. comman Radical Sign. thr 11 


= -- the Work by the ſame 4, e Ratcal ha 

Rule as above; and in Multi- 2. —1= Leaſt Terms of ven 
plication and Addition it Is — —-—— (Radical Signs, d 
ſhewn how theſe prove each aer interchangeabl y. 
other, or how the Totals a- 2 wy a 

9, 7 Surds given. 

gree, and confequently prove 2 
the Truth of this Method of y 8. 1, V16= Surds required, or thoſe 


Reduction. | (given reduced. 


n. Muliplcatn of Simple Surds 


"In this. Article E ſhall: ſhew, ri FIOTIT! 

1. How to multiply a Surd dy a Rational dender be Quantity, 
2. To multiply a Surd in others of che ſame kind, or the ſame 
Radical Sign. | 
| 3. To multiply Surds rogether having different Radical Signs. 


| 1 1. To muliph a Surd ina Rational Number or Rarity. 


This is „ prend two Ways, for Example, to multiply Vc 


by b, the Anſwer is very often. expreſſed thus, „Je or b in the 
Biq vadrat Root of c. But actually to multiply them is done by this 

Na.] Raiſe þ up to the Power of the Surd given, as here ö in 
the fourth Power is öh) and putting the fare Radical Sign be- 


fore, is . bbbb, which bei multiplied 7 c, gives / bbdbc. 
Or in Numbers, ſuppoſe 786. and — then = 4096, and 


716 multiplied in 4096 =v65536 the Product, and that Root 
being extracted is = 16, the Product in a Rational Number. | 


To 


Scr. VI. — 2 
To prove both which Ways of working, by raiſing the Power 
of the 11 bo Number, to be genuine, - | 


- if ay, e being = 16, is den which muliglied by cel. give 
16 as, before. Hy | 


2. To _ a Surd ala by a Surd, b are Homogeneal, or 
 woben the Radical Signs are the ſame. | 


Rule.) Multiply the one by the other, and the Product is he 
Anſwer, prefixing one of che Radical Signs given. 


Example. Multiply 2 by Vu, and the Product is = oe 
and putting u=8;r=9; and d=3, It is thus done in W 


V27 by Js =vV/216=6 the Product. 
Proved thus: By the real Roots without Surds. I fay ; =3, 


and / 8 2, and 2 times 3 is 6, as before in the Numerical Way 
_ which is the ſame as the Literal. ng f 


3. 7 0 — a or rd, Wil Bfferen Radical Siqns, 

Rule. e eee and chen work 
as in the laſt. 
| | Example. Muktiply \ Ve by Ju. In a common! Radical W 
Surds are Ju and Vc; whoſe Product i is Veun. 

Or in Numbers: c=16 ; and u=9 or 716 to be multiplied by 
V9, which in a common Radical Sign are 916 and 981, whoſe 
Product is V1 296 =6. 


Rule proved thus : By the real Roots, 89 25 7 1 = >=2,3 
and 3x2=6, 


III. Diviſion of Sard Quantities. 


There is nothing of Difficulty in this Rule ; for if the Quanti- 
ties of the Dividend can be divided by thoſe of the Diviſor, and 
the Radical Signs are the ſame, work as is taught in Diviſion of 
60 or of whole Numbers; as / #u b c — by v bc the Quote, 
Vu, &c. 


Or 


4 Diviſion, and Addition of Surds. Char X. 


Or in Numbers ; VIA = 164, or =12 +3. For Proof. 
_ 2. If the Radical Signs are not the ſame, they may be reduced 
| to a common Radical Sign, and then divide the Power of the Di. 
| vidend by the Diviſor 3 or put it over that of the Diviſor, as if 


| the Veuu be divided by Vu. 1n a common Radical Sign they are 
| : Leun for the Dividend, and. uu for the Diviſor ſo the Anſwer 


| A V EIS 9, And this proves the laſt Example in the laſt Rule, 


| and is fanher proved by dividing the Numeral Rectangle there by 
| pne F er, _ the Quotient will be the other Factor. ] 


| | 2 | IV. Addition of Surd Quantities. 


T his Rule is placed after Multiplication, becauſe that is often 


uſed in this Rule of Addition, I ſhall ſhew 
1. How to add when there are the ſame Quantities and Radical 


Si 
tin there are different Quantities of Species, but the ſame 


| Radical Signs, which Quantities are ſuppoſed commenſurable. 


3. How to add Quantities, havin 58 ſame 8 pecies, but diffe- 
rent Radical A or when both the Radical Sons are 2 


and the Quantities incommenſurable. 
1. To add Vu, Vu, and Vu. 

_*. Rule} Multiply any one of the Surds by the whole Number of 

them, as here /u x by 3=y/ 81«, ( obſerving the firſt Rule of 

Multiplication laſt 3 which 1 is the Anſwer. 


Or in Numbers: Addy16, V16, and 16. Here 3 the Num- 
ber of Roots raiſed to the fourth Power is 81; and V16xy 81= 


71296 =6 proved thus 3 V16=2, and 3 times 2 186, or 24+2-2, 


which proves the Rule. 
2. When two unequal Surds are commenſurable, and have the 


ſame Radical Signs, and when divided by their greateſt common 


Meaſure, are reduced to fuch —_— as are the compleat 
Powers of ſome Quantities or Num z they may be added thus, 


1 2 to be added to 9135. 


eng IP 2d Rule.) 


dier vn abou? Aale of Kurdi, &c - bs 40t 


* 24 Rub] Divide the Surds 'by theit common Meaſure V5, and 


they are reduced to 8 and v/27, the Cube Roots of which are 
2 and 33 mel which is.5, which Sum of the Roots uk: 


plied i is 1 5 262 the Anſwer. "I" 
nd for Proof, ct the Cube Roots of the Surds given in 


the commom way of Extration, and you'll find the Sum 25 
Wy 


How to add Quantities baving the "ded Surds, but different ws 14 | 
Signs ; or when the Radical 85 are eitber different or the ſame, and 
the Surds are incommenſurable Ga, 
I - Rule) There is ho Occaſion for farther eration, than to put 
ical Sign F between the given Surd cots: As 


To add Vcc to the Vee and Veer. the Sum is Vcc + vec ver. 


Or the Sum of 5, the v 6 and 13, is=v/5 vs 913. 
e ＋ /, Sc. is the Sum of f. as V3, V7 


and 12, Se. 
- There is a Rule which e us to the Sum of 


| thefe kind of Sards, when the Radical Sign is J. The Rule is | 
this; To the ſquare Root of the Sum of the Squares of the Surds 
given, add the double Rectangle of theſe Surds, and the Sum is the 
Anſwer. 

Example. To vV12, add *; cording to the Rule, the Sum of 
the Squares of the Surds is=20, i oot /20, and the double 
Rectangle of the Surds is 2 /96=8 x12 x4=y 384, by the firſt 

e of Multiplication of Surds. So by this Rule, the Sum of 
7125 8 7 is reduced to 20 - 84. I muſt confeſs I do not ſee 
the Uſe of the Rule, nor of the Alteration of the Surds, ſince to 
ſay the Anſwer is „ is more true and intelligible, than to 


call the Sum {ue 


| V. Subſtraftion of Simple Surds. | 
x, When the Surd Roots are commenſurable or reduceable to 
Rational Quantities, 'as in the JON Example in Addition; work 
| p . | 28 


402 Addition and Satin POTS Ca a | 
as is there, directed, hut Na come to the Roots, inſtead -of 
taking their Som, take 7225 fference, and multiply as in the 
ſame Example. To know the Difference between /40 and V135: | 


Theſe + Vs reduces them to Vs and V27, whoſe Roots are 2 and 
3, and the Difference of thoſe Roots. is 1, which multiplied by the 
; common Meaſure ys, yes v 5 for the Remainer r Difference. 
But .when the Surds 225 incommenſurable, as in the laſt Exam- 


ple in Addition, you have nothing to do but place the Sign CS 
| 1 the Surds on z ſo the Difference of 18 above V tan 


9 2. 4 SUTIN HI) COLL NU SEL 40 82M l 
VI. Addition and SubſtraRion of "Compound 5. wurd. 


1 5 For . as "thoſe under the l Rule 
of Addition above, take this Example. | 


* - 
1 FA ti 
To? 


1 


21 Fo iv vV/29 4; us ag 4.) 
bo 4440145 9+ Sum "ODE TOY = 


N 9 \ 


Here the Sum of 45 and Vizg=v3203 4 wage and — 
vV96=y/54 by the ſaid ſecond Rule. 
his i r a8 Surds ola? Numbers; ſee 


1 1 


To 22 L76650 | n Or from 331+0768-+1/$0 
Add 153 8 | Take 153 +0245: —V1886 


Samut Her ie 1 —5 g 


© - Fneed give 3 een * the Addition and Sub- 
ftrattion of theſe Surds are done by the ſelf-lame Rules as thoſe 
called Simple Surds, as by the Rule under the ſecond Example, and 
in Subftrattion of thaſe: Surds. > 7 


| The ſecond Example laſt foregoing | is done thus: : To add 7768 
to / 2435 1 divide them by the common Meaſure / 3, which re- 
Auceth them to V256 and d 9 51. whoſe om are 4 and 3, moſs 
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Sum is 7. 6555 is the Anſwer, or ** 3 03, aud e of 
the Reſt. 


. The baue, , de Rule Fo 5 of, as under Al IV. 


This! mall do by 


this plain Inſtance of a) 6 64=the poſedS ven, 
apa 2 ＋ 71 chu ee 


on e in Qt=Tv16= 4 * Roots. 


1 


the Margin; where A ; "F Sum of the Hides * 
_ ” 192 — and $/4=V256=16 the Anſwer. 


1. Theſe divided by 15 are W to the Root 16 16, 
whoſe real Roots are 4 48. And JAX, as by the fir Rule 
of Multiplication above, Rove the /256, whoſe Square Root Pony 
16, is= —_—— of the oots of che tw er wail 


2 V. Multiplication of Compound dur. 
Tire Examples or Varietie The three Kenn hh Spe 
Mr Nao rw is _—_ ans  proied by Namder. 
Example 1. | | Exampl 1 a 


To multi 5 Vac | See the Op ration, 4 v64 Multiply as 
, alſo in Numbers 2TV16 the Species. 


g 8 = Prod. or in No et L 92 
1 3 : 

all Surds, For 4x8 ( 

__ l and — Aer, 


Example 1 oh kt Example 2d proved thus: 
To err 4 L641 Multiply the 
e 8 — by 2/16 7 Species. are 7 


— _—____— 
abe dhe Prod, or in Numb. 884 Vr6 = 256 


Or reduced For 4, 7 (SV64)=32 
Surds. =Vaaabbbecc N Tal pe” 

wile YM ol — 23 ar 2 * 

. dog! A 2 


511 | nets 7 _ -Example 


1 er _— &. CAT. X. 
Example 3. 


f ped 5 Or in Ne. thu 21 E 
Te wise +yas rin us: e162 By the 3d 


Xin 2 


=8-+2/64+ V1 As / 6=72 
2/64 +4v1 4v 16=72 
=. 2 . e eee 
nd 24y16=6 
ere neee, L ad- ale 8 x. 
1. Note, That in multiplying 5, multiplied in the Square Root 
of ac, by ac more the Square Root of b I ſay bac 2 
2 and ſtands ſo in the ple 1. More 6 (in n the Muktiplicand 
Vabc, &c. 
I: Note, In like manner by the Numbers, Example 1. 2 
4v64 is 8 G4. 72 g e e ſo the 
Product is =84/644+-4vV64y/16. Now the Square Root Ae 
8, and of 16, 43 Ap that this Product is 8x8 =4x8x4=1 
And that this is right multiplied, will appear by by the Num 
iven, or 4 * in 8, (which 8 is the Square bor of 04.) . 
the Value of the M 
And 2, more 4, (which 4 is the Square Root of 16,) makes 6, 
which is the Value of the Mult ier; ſo 6 times 32 is = 192 as 
r the Rule b the firſt Example, 
and the reſt are proved much „* 
which it would k —— farher upon. 


Prod. n Te-: n— read 
eee Product A mo cedd 
. . 
* the Sum or Product contraſted, | 
ube Root of 64= 4, and 4—4t0 


«a the a rains and a -a e in the Multiplier 
= © the Proof. 


* 1 1 . 4 ' N 
” * 0 S * 4 
. * 
- ; : ” 
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5. . — 
3 


the of that Diviſor in the Quote ia the Anſwer,” as in the firſt 
2 v144=.12: the Anſwer. And in the ſecond 

2 in V =V/576, —4 ee EATS <4 
1, y ih — 


- VIL Diviſion of Compound Surds. | 


N | 
thoſe who & vu) _—— — 
Diviſion in ies, as before | 
taught, and Multiplication of aa — 

[x RR Divide bu EA ö — 
by Vn; ſee the 1 —˙ 


Ex To divide ab Vachbybd-vabe by b+ 
or in Nanben, Fasse ri ry . 


| ; Done Literally thus: 
5 A (ac +y b= the Quote. 
abe acc 
abe 
Fi: . Nabe 
10 Done Numerally thus: b 
5 eee 516 eee 
* 44 8 3 Yea LO A. CC I ET. RE £7 MI 4A. 2 
e uo 43 nig 2764 eee ea 
Or Contr, and the "2; x n w is bn. 
' reſt brought do eee - 
$63 Nod i iv | * * 276464 16 : 
21 — 3 
o remains. 


| Was inch Remainer; to which if I 


— Ci1s.X; 


=P is Hounitig of Diels idrhefs Opeticions, ere 


the Sigus of what 
„Lam — 


ou ſubſtradt: As in the Numeral 
from 24/64, therefore I ſay that 2064 


— any" 4, the and 
to the ſaid * 


+ deſtro 44/x6:''So that bringin 


i, the reſt of che Dividends which ign/64/46, I find that 24 


Ver is contained n 2 64/4/14 64:times, which I put in che Quote, 


and and deduct, ſo the Remainer is (o). 
And the Truth is thus proved, 1ft, In chat it agrees with the Literal 
Example. 2dly, As it is the Product of Example the Third fore- 


going, divided by the Multiplier. And 3% and moſt plainly, 
thus: r 216 T 


OJ] \ r #7 


Ede SYS) owl all 
Bog 3 Al [ * 


The Value of th bree laue. Nane Divided are 


by 1 


Ed, 0r-2x 8: — 1 bi- . N 
Ys Hals 4. — . 91. g: d& 
91 522 i CLIC Tot is 
Value of the Diviſor 2 V16=2 + . 
Xo 1 te 2 THe ee y64 
2700 0 27 =4 v5 vn) & es: nn 0 


Ster. VII. eos — 


Although the Buſineſs vf Fractions in Species are often uſed in 
the Solution of Analyti Yet ſince the Reader of this 
Part is ſuppoſed to have perfecttydearnt Reduction of Vulgar Fraftions, 


Chap. II. _ r. ang —_ Difference between 
the Method, wor A Slo = there- 
Fre ſhall not IE udn ee 


1. Note, The 
8 by the propo 


tiply the 
e Produtt « 


uvjngtar, wipe 


2. And the 5 Caſe is —— 
given as a Numeratot SET: er. 1101 


1 are found in bo both the 
Terms, 


3. And that the 
Terms, brings a F 


nem © 


Se ; | The 


SRO. VIII. 


— __ 


13 #23r530'oN 


— 


u 


Ae dend bc: 


Tho Caſe of nen of Algebraical Fradtions. 


* 1 


—— -— --— --<mÞ- — — 


AComponad to 
7 + ſimple Fracti- 
1 


% v9 CY H : 
ferret | I || 
ef e  fpbrucpebrnghin—5cdil 3 
m bn bunu 
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teu mu. cn X. 


9 - ” 
= þ . * 
10. Ai 315341 815 2 (107 3 9524 V ** a 


un Addon $ubnfi, Mulilcion, inen / 
Algebraieal Fradtions; two Examples to each . Rule 


* | b Y Po. Multiply the Nu 
— — 1 —— — —— Jmeratars give 20 
— 1. =— by — N Product 2  Jin#the Denomin: 
8 3 . or an CF 1 
= — — — - vulgarFraQtionsre- 
Tr eee 
3 0 2 Fraction, 2 U 
| | on firſt Reducbo 
3 7 , — NN — — 
2bbu i * 3 
77 — Quote — . and rd 
. » and reducing 
2 27 2 3 . = 
a — Fi m 1 vote = u | — 
1 * | WL * 


| Theſe — r are very eaſy to ſuch as have a 
Iy acquainted themſelves with Vulgar FraZions, and the two Ex- 
e! in n * thoſe in I as thoſe in 9 


do thoſe in — there is no need to illuſtrate theſe by 


Numbers, becauſe _ is done by comparing theſe with the like 
— Fee r ' 


SgcT. IX. Rales to. refoiog Slapls Equations 


- * <<”, "I" cc - _— 


The Buſineſs of this is, (when unknown Quantities are intermixt 
with known, ) to bring the unknown Quantity to poſſeſs ſolely one 
Side of the Equation, (common ly that towards the left hand) now 
theſe complex Quantities being ſo either by the unknown Quantity, 

being added to, ſubltracted f from, ied in, or divided by 
known, or by moſt or all of theſe together; therefore Equations 
are reſolved, or che Value of the unknown Quantity is diſcovered 
by Adartion, Subſtractian, Multiplication, Diviſion, and Evolution, 8c. 
and that in a contrary Way to that by which the known and un- 
known Quantities are connected and p 5 
Saran fo 2 22 Audition; 7 ; pli 

11 — = inch and ſtanding Feadon-Ways are 


Ou” ũ - + ooo Gatwy 


| Ample kee la CO 
3 42 | 

A Nos y And that « is put for the | un- 
e 72 known Quantity required. 

Literally — Numerally 
u—d=b—c | "U—— 8=20—T2 
Add d ' 4 Add Add 8 8 Add 
Sum #=20 — 12+8=16 


Sum 1 the Anſw. 


\ 


% a 1 
8, T4 Dedut | 
— — —8 2 24 


— for Sp Bs 


CHAP, X. 
4.B Diviſon. 8 LI 2202 
: Legs * Ei 
u= = the Anſwer, 1 
dF . 
5. By Addition, and SubſtraSlion or | . 
Tranſpoſition | | 
ui —d=b u ＋ 12 —8 2 20 
u=b—c+d the Anſwer. 1 = 20 — 12-8, 16 
77 TY EDT ET 
Multiplication 1 
<= . . 
| . 
„ d- ac gal- 2d = 
u=2b—d—2c the Anſwer, ERR * „ 929 „ 4 


— Py " RT 2 


— 


* 7. B Addition, Subſtraftion, Muli. 
plication, and Diviſion. 


ATT S. 1 FEY TISEFILEY 


| — — +$—20=3x120r 36 


uu Ty 
L Ne b=zc 2 
＋4 ud-bd—bb= 35 - 1224+86-þ-20x8—20x20= 36x20 
ah os =3bc—bd1-bb rau 84=720—160400 
—_3bc—b : -—720—1 400 
1 
— — a 1 f — — 6 4 — 


— 
_ 


Vibe Ge Go] N fir r 50 Iving Si 1 age, ted to be 
foregoing Examples. 


. Ma dns or more known- Negative Quantities are en with 
an unknown Affirmative, they are ſeparated, and the 9 male to 


Poſſeſs” folely-one Siu the "Equation- (which 15 ; 
fuch Equations are reſolved) by Addition only. So in the Example of. 


reſolving by Addition, I add the 
to both Parts of _ Equation, 
u=b—c+d. 


The Reaſou if wh 


the ſame as to 


jantity connected with u, as d 
and the Sum is very plainly 


it plain, and ſhews the Foundation of 7 ranſpaſition: 


( which Word ſee in the Alpnabercas _ near the beginning 


Sger. RX. Rules for Simple Equations: . 417 
of this Section) For adding the ſame Quantity or Number to both 
Parts of the Equation does preſerve the Equality ; but this Ad- 
vantage is gained thereby, that + d added to — d, deſtroys the 
uantity — d, ſo-that it vaniſhes and leaves in Poſſeſſion of one. 
Side of the Equation, and that d being added to the other part 
of the Equation, makes -c d, to which « is therefore found 
equal. And the Reaſon appears ſtill more plain-in the Numerical 
Operation; for if 2 — 8 be=8, (or 20 —12,) it muſt follow, that 
,=8-7-8 or 16, and this is no more than what is taught in Subſtracti- 
on of intire natural Numbers. 
2. When-one or more known affir mative Quantities are connected with 
an unknown, that Equation is reſolved by ſubſtrafting ſuch known Quan- 
tities from each part of the Equation, Thus in the Example of the 
Reſolving by Subſtraction, d taken from + d (which is connected 
with u) leaves nothing but « on that Side of the Equation; and d 
deducted from the other part of the Equation, there reſts Y =, 
to which therefore « is equal, and the Equation is reſolved. SB 
The Reaſon of this is evident from what was faid of adding in the 
firſt Rule above; for if equal Numbers or Quanlities be either added 
to or taken from equal, the Sums or Remainers will be equal, And the 
Reaſon plainly appears alſo in the Numerical Work; for if u+8 
be = 32, it follows that «= 32, abating only the 8. 
3. When in an Equation, there are ſev N known-Quantities on 
the fame Side with the unknown, ſome Affirmative, and ſome Ne- 
tive; it follows from the above Rules, that you may tranſpoſe 
uch known Quantities to the other Side of the Equation, changing 
their Signs, as in the fifth Example : And this you may do both 
ways to the Right, or thence towards the left hand of the =, and 
that with either known or unknown Quantities, keeping cloſe to 
the Rules above, your own Reafon, and the Nature of the Queſti- 
on: I mean, you will not think it reafonable to make the unknown 
Quantity a Negative, by tranſplacing it, when the Reaſon and Na- 
ture of the Queſtion does dictate, that what is an the other Side of 
the Equation, is ſo far from being equal to — u, that it ought to 
be at Jeaft equal to 1, or to ſome abſolute Number or Quantity 
which - is not. © £ 
4. When in an Equation, the unknown — is divided by 
ſome Number or known Quantity, poſſeſſing one Side of the 
Equation; then every Member of ſuch Equation muft be multi- 
plied by the Denominator of the Fraftion, whereof the unknown 
Quantity is the Numerator, as in the third Example; I multi- 
6882 . ply 


412 . Rules for Simple Equations. ChRAP. X. 


" we 9 1 5 ac 
| ply -by 4; produceth « and b 4, produceth == and ſo the 


Equation is reſolved, the unknown Quantity being cleared and found 
== =, as the Numeral Work farther demonſtrates ; for equal 


Quantities multiplied by equal, produce equal, as well as adding 
and ſubſtracting. <A 5 

The Reaſon is very evident: For if a fourth Part of « be ==, 
it muſt follow, that the whole « muſt be equal to four times the 


V., and the like holds for any other Diviſor of the unknown Quan. 


tity, or Denominator as aboveſaid. | 

5. Hence it appears, that in multiplying by the Denominator 
of ſuch a Fraction, 1/t, That every Member of both Parts of an E- 
quation muſt be multiplied.” And 2dly, That the Numerator of that Fra- 
Aion is multiplied by putting it down as a whole Number, as 3 * by 2, 
B=1,; *by 4, B=3g; “ by 6, is = 5, Oc. ä 
6. When Quantities known and unknown ſtand multiplied together in 
an Equation poſſeſſing one Side thereof, ſuch Equations are ſolved by 
Diviſion ; in which Caſe the Quantities ſo multiplied in the unknown, are 
to be your Diviſor; as in the fourth Example or Diviſion above. 
To ſeparate j (in the two Members du c] from the known Quan- 
tity d and c; I divide both Parts of the Equation by dc, and the 


b 4 1 
Quotient is a . =; for equal Quaniities divided by one and the ſame 


Quantity, muſt exhibit equal Quotients ; and at the time you free one 
Side of the Equation of complex Quantities, and ſhew the known, 
which the unknown Quantity is equal to. Thus in” the Numeral 
Example, the Matter is plain, for where 8 2 124 = 100; 202 


. 8=100; therefore « only muſt be equal to = which is the ſame 
as in the Proceſs, according to the Rule above; for 84+ 124 — 


85-12=x ; and 20x5, or 100= 8j12=5 ' . 

But Note, That when you have two Members, one mixt with a 

known Quantity, the other intirely unknown; in this Caſe, the 
known ＋ or — 1 is your. Diviſor, as if 8-4 — 4 = 49, then «= 


> and if bu 26, then 12 53. 


6—1 
7. When 


Scr. X. Quadratic Equations. "67's 
7. When (as in the ſeventh Example) *tis found that unknown 
Quantities are ſo mixt with known, as to have Products, Quo- 
tients, Sums, and Remainers; you have nothing to do but to work 


as by theſe foregoing Rules, as n= bd —b=3c: For if the 


whole is multiplied. by h, it gives the next Step cr +-du-bd— bb 
=3bc, And if þ4—Þþ be tranſpoſed, (as being all known Quan- 
tities,) the third Step ſtands thus; cf du g — bd+ bb, And if 
the third Step be divided by cd, (becauſe thoſe are the known 
Quantities that are multiplied in the unknown, ) the fourth Step 


or Quote, which is the Anſwer, is #= 30c 5 25 z each of which 

Steps appears ſtill more plain in the Literal Work, which ſhews 

in this lait Equation 4=48. | 
8, There is one other Thing to be obſerved, but that is rathe 

in compoſing or forming the Equation, than in the Reſolution, 

i. e. If u. c:: b. d.. what is the Value of « #' 

Here the ſecond Step is found, as 7 

being the Rectangle of the two Ex- 1. c:: b. d 

treams, ey is . a of — ud r be 

means. And dividing by d, gives the r 

Canon. See the Words — in OY the Anſwer, 

the beginning of this Chapter, and . 

Equation. And if you would reduce an Equation into an Analogy, 

it is as 1j to c or 5; t 

the two Examples above, or Fu. c:: b. d, &c. 


| Szer. X. Reſolution of Quadratic Equations. 


What ſimple and adfected Quadratics are, is ſhewed in the fore- 
going Definition of Terms near the beginning of this Chapter; 
where under the Words Simple Quadratics, I have ſaid enough re- 
lating to that kind. As for adfected Quadratic Equations, (which 
Word ſee,) there are, by ſome Algebraiſts, reckoned three Sorts, 
but I make but two really diſtin ; to one of which, all other ad- 
fected Equations are reducible. I ſhall give Examples, 

I. Of the two diſtin& Kinds of Square adfected Equations, 
2dly, Of thoſe reducible thereto, and how performed. 


III. Shew how theſe Equations are Reſolved by compleating the Square. 

III. How Reſolved by Subſtitution”, bow done four different Ways, two 
of which (being the beſt) are new, | 

| | 1ſt, The 


414  Reddublion of Quiet: Cuar. X. 
' - If}, The two diſtinẽt Forms of Quadratic Equations are theſe 


only, | ; 
In Species. | oe: Numbers, 
| 1 if, 1 u due — — 6-1 


2dly, 2 — 6 27 


. 2dly, Equations reducible to one of the two Forms above, are theſe 
. and ſuch like. 5 


| 2 "I 222 1 
| | Equations given. Reduced to theſe Quadratics, | 
| iſt, du—uu=m un- du. —m, rm 2d Form. | 
| 2dly, 4h 2 | , as the 1ſt Form. | 


Þ 21.12) . | 
JE > —:. 
zdly, a e as the 2d Form. 
11 — , " f 8 1 [ 
4thly, = nb -b , the 1ſt Form ec. 


Notes upon theſe ReduZTions. 

' 1/t, That the firſt is performed by changing the Signs of all the 
be (as 18 directed in Rule he Thin for going — Equa- 
tions) which makes — m — du gun, which is the ſame as to ſa 
un — du=— m, as in the ſecond Form; though ſome make this 
a diſtin& Sort, but with no more Reaſon than the three ſubſequent; 
for the Square is compleated, the Root extracted, and the Canon 
produced exactly as in one of the two Kinds abovementioned. 

2dly, The ſecond Equation above is reduced, as taught in the 

4th and 6th Rules to the Examples of · Simple Equations, multiplying 
by 2cu, and dividing by 2c each part of the —— 

3dly, The third Equation above is reduced by the ſecond, fourth, 

and ſixth Rules to the Examples of Simple Equations, tranſpoſing b, 

multiplying by 3hu, and dividing by 36. 
Athly, The fourth is reduced by multiplying by 3buu, expunging 
u in each Member, and dividing the reſt by 30. 3 


II. The 


SECT.X. The Solution by compleating the Square, 4173 


II. The Steps of reſolving Quadratic FA ations 1 in 


— R 9 I w_ k lt. , 
= * * TITS IF 2 9 * \4 _—_ 


| | — 
Equations Squares compleated. Rook curated. Canons exhibited.) 
8 . . ; 2 dly, 


= 21 — | 
= 13559 3 
. 35 
——+9g+3 
e | 


Rules to be obſerved in this Method (which is the beſt) of the Reſolution of 
Quadratic Equations, applied to the Examples above. 


1ſt, Whatſoever known £ antities are multiplied in the Root, or un- 
known, they are called the Co-efficients ; as d, 2c, and 1. in the ſecond 
Terms of i the four firſt Examples: In the fourth of which there be- 
ing no. Co-efficient, therefore 1 muſt be taken for it, becauſe a Unit 
- ſuppoſed to ſtand before every Quantity, as u is 1 u, ande 

C. 

2dly, To compleat any Square having only the two firſt Members 
given, is. done by adding the Square of half the Co-efficient : 


| Thus in the firſt and ſecond Examples, half the Coefficients © , 
8 (che 


N 


416 Quadraties by compleating the Square, Char. X. 
(the Square of which js © 75 added to the two other Members ſtand- 


ing towards the 1 hand, the compleat Squares are uu + 4 
5 and wo 8 And in the third and fourth Examples 2c 


and 1 are the Co- efficients, the half of which are c and; the 
Squares of which Halves are cc and +, the former of which com- 
pleats the Square of the two Members towards the left hand of 
the third Example, and the later (or 4) added, doth. compleat the 
Square of the fourth Example: See at the beginnjng of this 


C 
= And becauſe this Addition of the Square of half che Co- 
efficients is made to one part of the Equations, where the unknown 
8 are; therefore it muſt be added alſo to the other part 
the Equations, That ſo ibe *r y may be continued, (as is ſaid in 
the firſt and ſecond Rules to the xamples of Simple Equations,) and 
thus the ſecond Column is made in all the ſeven Examples above. 
4thly, The third Column * as left hand, are 12 Roots of 


thoſe in the ſecond. 
iſt, For in all compleat Squares, the * Roots a are — 5 of 


#he firſt and third Member. 


2dly, The Sign connecting the Quantities of the Root, is alwa 5 - 
ſame as that before the ſecond Term of the compleat Square, or of the 
guation given: Thus the Roots of 


Squares. Roots. | 
-n the ſecond Column, is 4 in the third Column. 
| d 


N 1 = 2 
And for a Proof, any of theſe Roots being multiplied in iel, 
6 the reſ pedtive Square above. 


| — © , 
5p m—_—_c 8. 3, &c. 


3dly, The 


8 Sect. Xx. Quadtratics by Compleating the Square, 47 
- 3dly, The Root of the iſt Part being extracted, in order to diſ- 


cover the Value of the ſingle unknown ee therefore the Roots 
of the Quantities known, ſtanding on 


e other part of che Equa- 
tion, (as Is ſaid under the 3d of adding the Square of half the Co- 
efficient) mult have their Roots extracted; which is done by prefix- 
ing the Radical Sign, becauſe they are enerally Surds. 

4thly, To reduce the 3d Column to the 4th, or to the Canons or 
Anſwers, you have nothing to do but to tranſpoſe . Root of the 


2 
30 Member of the compleat Square, as —, c, and — —in the” four 
firſt Examples changing the Sign as cle: 


4 farther Demonſtration or Proof i of the Method for the Solution E | 
Quaaratics, by the Numeral Operations above. | 


In the Numeral Work theſe Numbers are equal to the Letters in 
the Speciaus, vix. d=b, b= 45, cg, and u is found equal to . 
Here proceeding by the Rules for Solution above) in the Equa- 
tion e u in the Ath Column is found =v 13549 — 3. 
Now 135 +9gis= 144, the Square Root of which 1 is 12, whence 
take 3, and «reſt i K=9, 10 u= 
"And « being found= * the E grounded upon the Me- 
thod of Proceſs aboveſaid ; if ſuppo _ #u=9, the 2 Parts of the 
Equations propoſed prove equal, be f y proves the Truth of the 
Method- for Solution, 
So * 1 in the 5th queen given, is—135 = the 
r part of that Equation giv 
5 54 in the iſt i © of the 6th Equation is = 
272 the 2d part of that Equation. | 
And uuſu=81+9 in the alt 4 of the 7th Equation is = go in 
the * part of that Equation, c. 
Thus I have given the moſt plain and demonſtrative Rules and 
Examples for the underſtanding and proving the Method of ſolving 


Square Equations by the way of complearing the — I pro- 
ceed to ſhew, 


2 e S.: 1 | III. The 


CAI. 


* 'sdarg fo. 


Auadratic Equations by Subſtitution. 


418 


Steps towards the How each Step is 
Auer. | produced. | 
uu = 18 ———— |= Equation given.“ 
for « isputa—— in this 1ſt _ 
| 4D =[Ia—<_ =un 

| aa—acÞ— — — p 
& or - & 
, , 2 
4. — E — 
* - el 
\ ec "; 0-4 | 
ag PR! the (——=$ 3d Step 4th. 
4 —4 16 4 — — |=5th contracted. 
t 
cc | ec 
428 184. —— — {=6th w, and — 
TT 4 
c | N „ 
eise * put for a 
| „ "Wo" | 


. A 24 Example fee towards the right band. is 


Proceſs towards an Rules for each 


Anſwer. 
| #u—cu=g d 


for u is put a ++ 7 in this 2d 


di 


E Equation given 


e 
e 


C 22 
; 40 Fee A — — 


c 
=D == 5s 


or a+ —G. | 


. 4 > X — C 

: cs cc | ' 
AL Ine gd -T 4th Steps. 
| = 5th contracted. 


=6th wand — + 


2 
in the 7th Step. | 


— —— 4— 


in the 8th Step. 


$zer.X:; Quadratic Equations by Inſpeition. 216 
I I have here inſerted the Operations at large, to make them more 
plain and eaſy z which the 3d and 6th Columns from the right hand 
do fo fully contribute to, that I have little to add, only, 

1. To put the Reader in mind, that the Signs connecting the ſub- 
ſtituted Quantities are always contrary to that which connectech the 
2 Members of the Square given, as is plain by the 2 Examples above. 
2. That any Letter as well as à (if it be not in the Equation 
given) ＋ or leſs half the Co- efficient, as above, may be ſubſtituted. 
3. In the 8th Step I omit a, and ſubſtitute in place thereof 


«+—in the iſt Example, becauſe if — = An, then by tranſpo- 


MP V* C . | 12 „nt 
ſing — 2 is 75 and in the 2d Example a= 2 75 
A New and Better May. 


But tho? this is the only Way I know extantof ſolving theſe Equa- 
tions by Subſtitution ; yer I am ſure it is a better, to make the Vowel and 
half the Co-efficient in the Yuamities en to be yaur Subſtitute : and then 
it will fall right at the laſt, remembering that half the Co- efficient is 
to be added or deducted, and *twitl fave ſome Steps of working. 


2 d n 
For Example, putting for 1, in the Equation uu+-du=bc. 


Here it only needs to be 2 

t when the Sign connecting the | - J 
wo Terms of the Equation gi- 1d - 2 — 
ven is +, I make the half Co- da p 2 
efficient added to the Surd Root of r 
the Anſwer —; and the contrary. 2 1 

But in truth this way of ſolving dd _ the Sum of the 2 
Equations by Subſtitution, is at — be 4 laſt contrac led. 
the beſt not ſo brief and eaſy a n 
Method as that by CU u=p/ bot = — ==theCanon, _ 
the Square; for if that be we 4 2 
conſidered, there ariſes from it, 


IV. Theſe Examples and Rules for ſolving moſt Quadratic Equations 


I. I} 


* 


by Inſpection only. 
Examples. Note, c=3, and u | Demonſtrations of the Truth of the 
found = 9. Solutions or Canons, 


1. Equations 2 5525 —5. 29: ſo 2 9 as 
mapa. E10 7. I Faak 


Canon — 4u=y/375-25—5| and 57c=1791 : ſo is 1 + 10 
171 as per Equation 1. 
Hhh 2 2, Equations 


420  » Queſtions \ by Simple "Equations, Caxv. X. 
_ 2. EquationsT,, Go | IE bg as. 


1 * 


propoſed. { | Per Canon 2. | 
Canon u Nc YE 9 27: fois uu—6u=27 a8 
e Anh e e ee een 


The Rules for Solving a Quadratic Equation by Inſpection. 
1. What I mean here, by In/pe#ion, is the putting down only the 
Canon or Anſwer without any previous Operation: To do which, 
take the Roat of the Square of the unknown Quantity, which here is u. 
2. Make the Sign of. Equation, and to the right hand of that, 
place the Root of the unknown Quantity or Quantities given, with 
the Sign / before, as in Equation the iſt, u=/57 c. b 
3. Square half the Co- efficient, and add to the laſt mentioned 
Quantity with the Sign + always before it, and it will be « = 
57e 28. | a word 1 7307 do 555 21 gif 7 
+ 55 o the laſt add half the Co- efficient, when the Sign is —, and 
ſubſtract it when the Sign before the Quantity where the Co- efficient 
Js, is 328 in this Example I put — 3, becauſe 19% is ſo 


is the Canon a n 2 S J ; 
And thus you may give the Canon. for any Quadratic Equation. 
when reduced into either of the two Forms above. oF 
Here is the proper place for giving the Geometrical Conſtruction 
of Simple and Quadratic Equations; which I omit for theſe four 
Reaſons :. 1. Becauſe it. is done by ſo many other Authors. 2. For 
that this Treatiſe is deſigned to be as eaſy as poſſible, in order to 
| inſtru and encourage the Tyro, rather than to make a ſhew of 
Learning. 3. It cannot be expected, where ſo many things are 
contained in one ſmall Volume. And, 4. It is ſufficiently proved 
and demonſtrated above, by comparing the Parts of the Canon and 
- thoſe of the Equation given, as grounded an. the Solution, eſpe- 
cially in the Numeral Operations.. a | 


Szer. XI. C ontaining for Exerciſe, ſome Queſtions reſolved by Simple 
and Quadratic Equations, and by various Poſitions. 


I. D Simple Equations. I had the following propoſed to me, 


which the Queriſt, my Friend, had a real Occaſion to know, 11 
as falling in his Buſineſs. | 
Problem 1.] 365. Pounds is received for the Uſe of a publick ti 
Building, and the Receiver was to have 44 per Pound for what he a) 
paid in: what was the Poundage, and what paid in? p 


Steps 


SET. XI. 


Queſtions: by Simple Equations. | ans; 


Due Literally thus. * |TheColumn| > Numerally thus, 
Y | | of Rules to OY 
1 the Poundage, and bis=365| both Ways|u=the Poundage. 1 
2|þ—g= the Sum paid in. 1365 —«u= the Sum paid in. 2 
3 60 u = b—1 4 | 60 1 2 365 —4u | 77 3 
4661 e — — — — fd 612 22 365 [4 
= b.. en LO} ry I MG 
5 4 — sr * Cation. , . | 61 N the Canon. 5 
d | 5 * © \ 1 | - +> \ : _ T 
So er the Poundage. | | 365 > 64=1.5:49:8. | |, 
And þ— = =theSumpaidin.|,  _. |and 365— 55 =359:9:4| | 


— w 4 * 92 7 


Problem 2.] The whole Lengih of a May- Pole is 16 Yards, the majo! 4d, 4 
which is broke by the Wind, ibo“ not quite off, but ſo that the Top of the Pole extends 
from the Fracture to; the Ground at 8 Yards diſtant from the Appearance of the Pole 
above the Surface of the Earih in which it was placed: how much is broken off, and 
bow much is ſtanding ? _ A eh arr > 233 gh tht bt 


8 I᷑xᷓũut 16 and — ak 


D 
Iſu the Pe icular or Rule, viz, = the part ſtanding, 72 
(Part ſtandin J | 5 
2|k—#u=Hypothenuſe. 16— =the Hypothenuſeſ 2 
3þmunu=kk— 2ku--un | 1&1 65-246: | 8*--u*=15*—2x1645-1] 3 
412ku=kk—2#un 2ku +, nn + 2X 16 = 9 ä 4 
5 FE = the Canon. 4th 24 + A l = the Canon. 5 
2k. Ix 26 T7 | 
Demenſtration of both. „ uA gt . 
*=2566—1*=64=192—2k=32=4#=b, | 16*'=256 —8*=64=192 
| | — 32=6 = the part 
Vid. Eudlid's Elem. Lib. 1. Prop. 47. (ſtanding. 


— 


Problem 3.] Numbers in Geometrical Progreſſion being given, to find the Rule for 
the Aggregate of any Series. This is ſbewn in Progreſſion, Chap. II. pag. 82. 

; Problem 4.] Suppeſing the Pendulum of a Clock which vibrateth Seconds (or 60 
times in a Minute) be 39.2 Inches in length ; how long muſt a Pendulum be to, vibrate 
as often in a Minute as it hath. Inches in length? This alſo was a Queſtion. pro- 
poſed for me to anſwer, which I did thus: 

3 | Steps, 


422 
#1 1 1 put k=60 Seconds: and-y=39.2 Inches. 
= : | 


1 „ the No of Vibrat. requir'd. 


The Analogy. 


2] kk. wc ye; ö ) in a direct Pro- xe + ww 2 
rtion. I 
4 . «202 — 4 (port . F 1 
| — — 2 
| * or / u4= & c. 728 n 
4 | wuu=kkn „ qt 34 Reduced. q SEATON 4 


: Avib. Le. 1 OQVid. Le. Pen. 
kkn 


1 = of the ah ce x 39.25 


| Or uu t: 1. 4 


Queſtions by. Simple Equations. = c TT% X. 


— 087 


| * for the Work, |u=N® of Vibrat. 


| An | 1 
1 60. 39.2: 1.39.2 


1 of 141120 


3600, xn(=39. 2)=1411203 and 


9141 120 62 the Vi- 


9 V141120= 2 near, . brations in a Minute, 
And Inches for the Length of ſuch a Pendulum. 


Problem 5.] What 2 is that Perſon when J of the Time from 


bis Birth is equal to 


w3= the Perſon's ſuppoſed Age. 


% or 1 oY 9 8 » 'sdajg 
Fog: - =— * 
| 


k—# the time he wants of 60. 


4 


I put 60=k, =, and 3=t. | 
Rules for the Steps. 
I his Age. 
or 60 —4 |60—u 


u 
3 the 4th x by ? aj F box -u 1 


of what be wants of bo ? 


u = , &k—u=t|uj}=60—4y —} 


the 3d x by n u=b0X} —ux}—3 


uu in 5,+ | F | 


e Ur end 


th >#-# em 


kn 


3 
agg, . 


80 de F Fg che Age; and |y=25 Tears, the Age, d 


= re = it wants of 60. the want of 60. 1 


Proof. —= 3 for a Pfoof. 


50 — 25 += 34 5 ears, | 


Fe for And 25 1 = 3=34 5 Years. 


= 
- 


Scr. XI. Queſtions by Simple Equations. 423 
Problem 6:] Two Perſons, A and B, baue each à certain Number 7 

Pounds, fo that if B grue A 3 of his, then they will have each a lite Num- 
ber: But if A give B three of bis Pounds, then B will bave 5 times 2 
many as R: What Number of Pounds had eacb at firſt? +11 


. * 
— 5 x 


| Il put a=3 and k . 

1 == hath at firſt.” u ſuppoſed | 2 hath at firſt, 
3 u- will have. end. 2 ns fon j u—; * 

4% e 4A will have. | ibid. as 3d. | 1—3 
51[u—3n=A will after have. |=4—2y,—x] #—9 

6144-1=8 will then have. | 3 
7[ku—3kn=u+n | . 


8 gs id u—+ & 3 nt * 
* 12 the — 8h = K4—1 2 : Anſwer. 


1 2 =4n, which B had, — : 2, wh B at iſt had. 
And A had 2n: for 2» —- | And A had 6: for6—3=3 ; and 
u: and A= n. 3 P12=5X3=15, af 9 
Problem 7.] A Hare, 50 of ber Steps or Paces before a Greybound, takes 
4 Steps to the Dog's three; but then the Dog ſteps as much at twice as the 
Hare does at thrice : How many Steps muſt the Dog make before he catch 
the Hare? This old Algebraic Queſtion I anſwer thus : | 


I put k 50, n=3, $=2, and b==4. 


© OG 


. 4 = the ſuppoſed Anſwer | 1 „ 
(or Dog's Steps. | * 
bu as. **\ . , VvY 4 
24%. 56. all the Hare's e | | 2 
(actual Steps. 9 
hu bu &ks L002 e 
30.57 r 32523˙＋0.9 [3 
| 1 I 
(che Dog's Steps. lg 4.300 L 
— the qthxm,| * L | 
444 — un T7 2 | * 7 gu—8u==. Ergo 5 
= a | FR 3 
ns | = | 
6]»= = the Canon for|the 5th = [u = —— =300Steps, the, 
| I s (Anſwer.| un—bs | + . (Anſwer, 2 


— — — 1 
* mi of ——— 7 p—_— 4 — — — 
o 


ſhorter Way: 
and ſuppoſed I, it will come to the ſame Canon, as 
at your leiſure, for & is:thrown out even in this Examp 


For 72 1 put k, 6 n, 8 Ss, * 12 r. 


| 
q 
i 


424 © 


Benſon "* Simple Equations. - 


cult K. 


Prohiem 8.] A Ciſtern that hath four Vents of different Dimenſions con- 


taineth v2 Barrels of Li 


will be qpent in 6 Hours; if a ſecond be open 


id: I one Vent or Cork be opened, the Liquid "In 


ed alone, it will run out in 8 


Hours; if the third Cock be turned alone, the Liquid will be exhauſted i * 
Hours; and the fourth Cock or Vent is ſo ſmall, chat if it alone be o 


it will be twelve Hours before the Ciſtern is em 
in what Time the Ciſtern ill be void of Liquid, if 


Nov the Queſti jon is, 
| the four Veats be opened 


at the ſame Moment vf Time. This Queſtion (whichT have not as I — of, 


ſeen before anſwered b 


Igebra) 1 folve 
: but Ide 


y A thus; tho' there is ſomewhat, a 
it plain to the Learner, and if 72 or.k be omitted 


Key may make trial 


e unknown Time or ſup4 j | 
Fe, AS 1 | 4 11 
＋ E 1 . 6.72720 22 
0 - 1 ef a E * . * * 
|, A. | - FBS 
1. mm . 8.72: U. 77 
l Wl 22 
GU 722: U. — 
. | If a 9 
: 2 — | | : 12.72 22U. 72s 
- 12 
ku ku tu 4 724 = 24 2 
"WR u th Contract. 
" TT or by k FLO] 2 
Ju nu nu | , 644 0 — 
FFF the 6" x 1 ＋ = 
| x8 bude 
i —=ns che 7*⁰ 9 ron „ 8 
3 1 | 
9 tu-f-ntu+-n 16 ue 8th"xX 2 NBER = = GN 
urtu- Turm- tu nrot n x7 |84X9x12+6uxg x1 - Lern 
| n - | Teux8xg =6x8x9x12 
35 * —_=Anſ.|the 10th + ally 2 2 | 
7 . Þ that 2 — tOarra Fx a FO 
e . 
2 9 — 4 N 25252022253: 
And ritH-mrtH-nr-nt © 2520 «þ = 2 sccurate Anſwer: 


* _ .o Queſtions by Simple ere, 


Prebtes 9. How ſhall I find .d 
out a Canon for diſcovering the . r: 7 4. Jg. 
Diſcaunc af Money? See che O- 27 
peration. Ande+ =:: p. 2 

4 Days to come. = 100. . 


= Principal. = Rate of Int. 72 ＋ dru _ dpr 


ya Year, or 365 Days. | y b, | 
u=the Diſcount ſought. or Ty + dru=drp, and conſe- 
| 1 
quently W 2 the Canon 
for Diſcount. 


Problem 10. ] To find a Canon Ar 
for diſcovering the preſent Wortin J 7 d. T 
of Money due at the end of any 3 
Days. Symbols as above. \ eren. E 


2 Canons apP 2 under cup ——=cp 
Sent. 8. Chap. 3. the Diſ- _ _ | 
count of Money much ſooner *© _ ru = 2 5 and conſe- 


than by the common Way of the quently a == the Canon 


Rules of Proportion. 
for preſent Worth. 
II. To reſolve Queſtions by Quadratic Equations, which they form. 


Problem 1. J There are three Numbers in Geometrical Proportion: 


+ SI 


continued; the Mean = 42, the Difference between the Extremes 
=112 : What are the two Extremes? I put k=112; n=42. _. 
the leſſer Extreme, | 4u= the leſſer Extreme ſi 
1E the greater. u+112 =the greater. 2 
un 77 ad x iſt n uu II 2 = 42 43 
k 
HEA Fu un; ind —+ 128 N f 50 => 4 


7 * == 14=the lefler. 42*-56*—56=14 the arr. 


And 14. che greater Extreme. | And 14-#112= 126 the greater. 
And for Proof 14X126=42*=1764. 


1 


i 


— Problem 2.] To divide a Line into extreme and mean Proportio- 
: or ( . is one Uſe 2 ) to find the ſide of the — 
L1 edron 


4.26 - Queſtions by Quadratic Equations. CAT. X. 
hedron by having that of the Octahedron g given, bans: ap- apes the 


ater proportional part. 7 
2 Live 1 divides, when the Square of the greater Part i is 


= the Rectangle under the whole Line and the leſſer Part. 
I put to the Side of the Octahedron (=4b) 120, — 


the greater part (or tl Sac of the Line 4. og 
* [ſide of the Dodecahed.|F the iſt 845 
Au the leſſer part (as ch) & Ax in ad — of the Line ab 2 
gluu=kk—ku 4 + u=120* — 1204 3 
u TAE ybe3d us U—1204=120* + 
5 = — vage =/ x 2004 
f 4 (Anſw. f 2 
So that u=ac of the Line hoe FE. wo 
2 


ab= the Side 3 


0 near. 


— 


— 


j 


" Probes 3 3 A 3 ſold a Ship for J. 2400, and gained after 


the Rate of what the __—_ coſt rig laying out 10000 Pounds: What 


did the "RO coſt him? _ 


«hae? 


I put $=2400, and = 10000. 


I i= ſuppoſed Coſt 
26-1 the Gain. | hon 
: IF ns" | —— — 
44: 5 N | my 
- „der —=&4tÞh Fro- £ | 
„ — — 
| - | th and = | 
u+tu=st el 1 + 10000 1 24000000 
tt ? 
= 1 — - 5th Ste 
ec 4-48 ary A =? 
= 2000 | ( =2000 
| | And for Proof 2000. 400 : : 10000. 2000 | 


3 


Problem 4 


SECT. XI. \Ruefpions by Qugdratic Equations. 427 
Problem 4.] Admit bin (Fig. 9. Plate C0 des Curve of an 
Hyperbola, and that there are given 
(io) the Latus tranfoerſum= 7. 4 
I (=i#b) the Latus rectum . 
- 0 (=2b) the greateſt: Ordinat = 4. 68 
What is the Length of the Abſciſſa, (PNAS puts becauſe 


tat 1. 6x8 
3 == the.Pr ma, Bene — f 
1 of the Curve, | 
tu IAA e 1x by ff. 7656. Pee fl Ong 68%] 
ot * 7. 4 
= 2d — by] 87-7. — 3 
„ bot tt 8. 22 — 2 
= FT 2 ho 4 _ 2 pr 2 
26.7 U 4.5% = 6.7 — — A 


— 


WW — 
1 _ 


— 


Problem 5.] What Nember is that, whoſe _ eaultiplied by 
10, being added to its Biquadrate, the Sum 


| 1 . 1 gong 1, and 10 ON [ 
Fa OY i Book 5 


es z0agrf 


6 And for Proof 13˙ =169x10=1690-+13% 5 28561) 30361. 


The laſt Canon for the Anſwer =; 1 thus to be reid: "That if 
5 half » be deducted from the Square Root of k += the Square Root 
1 of che Remainer is =4= 13. | 


lii 2 Problem 6. 


21 Nahe hy eue, Rem. br * 
a 10 a $120 3-40 eee ab f. wills 

Problem 6.] A Farmer left his Son and a; dne. L400 0 
divided between them; that their Parts alternately divided by 

each other, the Sum of the Quotients il . be go but the — 

9 he deviſed to his Son: What did he leave to each? 

Some male this Queſtion, which I — ess above, to be ſol- 

ved by various Poſitions, others by the Doctrine of Surds: But I 

; am ſure it is moſt 3 reducible to the 2d of my 2 Caſes of 

uadratics before mentioned. And becauſe I have not ſeen it done 

before, T Thall infert the Solution at large as it is moſt eaſily ander- 

; ſtood, and that by the numeral Way; but ſhall, wave the literal 


| Method on purer © that ER ad try "his en Proficiency 


ein. * 41 . 2 : 0 | CL 
* 1 IS un 1711 d | 3 4 * 
a 1 — r e N. 

2 ο = e t! the Nephew's Re, x 40 the rſt Step. 

; 400 — 2 Th i 9 

b 3 — 26 had © 1ſt 2d, and ad · by iſt iſt 
3 | 160000 8005 | 2 e 

v * 2 : I - "age > . che 39 1 by 400% 


Sm T 
* 


. 18 08 C Laune = FTP | es 449 43 v7 1 L 23% 


5 11 168000 00 -P r2000 che 10 x by 2 
„eo ba: 1e ithe 5th contracted, 
5 Se 1280032 2 71. 12 and 2 go | 


76000 datt, and Ergo. | : the 6th = by 32 | 
5000 (in the 7th + | 


81 


* * * fl 
| e 5000 un Bq 0 and 4 + | 


* — I et 


£ * "3 * = : * db? 4 5s Po ; 
200A 21:52. e EA ol tu 2 mon ben A a 
. | | £t =a=ei nico Sf £2310 
* * N * . A 
LA W NN | ii 


, bY . % 
42 1755 LASS 


% IÞ th the 2405 wt 


. 
* „ 


8 nox,X, 3 Geli lr air n 


Aa eee ad nd 4 = | 
"oY Oc. age: 218 „ich ci nd sf 


And for, 3 083. IF 2 966} And 12917 =. 1 
3870 ee 1.6 907g 230. which anfwen . 


: 
4 in every, part dhe Requilites, UNS Las 0: OL. * ln TY : 1 
rr — ie”. — — — — 1 — 2 F , 
"Fran 7] What Number is that by which if we e divide 20, and 
to that n add 4 times —_ ben Number the —.— is A 4 
[1202 Slot OL Sh! 
b Ry vi Tpirb=4; Sao, 824. 
9:11 ep" ei; Slane 10 roco 3 „ 
dc n Dee 26 RY 4 1 3 de 4 ö nn NOI MoOgtnoJf bial 
C «a T7 alle „ere * « fx A 
1＋ 4 ab=ac + = W wing ils N 1224 ns 
25 # 44b—ac=—t, _—— ;. > 2 2 mes 4p+,+ Þ e 
1 v 8 wh 
C . 2 
. —— 
4 122 — 


adve inſerted this laſt | Queltion that the Learner may e how 
to manage when the 2d Term: (or the known Number multiplied - 
in che Root) is a Fraction; as in the 4th Step foregoing * 


* — . — —. 
— * — 
— —_— * ——__ — — a 


III. We Nala of Weſtions wwhich require various Poſitions, - 
Having ih Sc 9, and fo. given Rules; for ſolving Simple and 
2 Equations; there was no need in $8. 1. that I ſhould |, 
repeat any thing farther than what I have done in the middle Co- 
lumn of Rules: But in this Head of various Poſitions having faid 
anne, eee ee * 


* 
* 
2 — 
2 - C WY ” kX — „„ + of - o I bo & 6 ” * 1 | I PTY * 
— —_— * - © * 0 
x . + $44 Ws. 3s » Thi 
- * - 
| ; 1. 
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x. Then by various Poſitions we mean Queſtions which have more 
Numbers than 1 ſought for, and are diſcovered by aſſuming a Vowel 
for each Number ſought. | 
2. And we proceed in the Work firſt with one unknown Num- 
ber, not regarding the reſt but as known: And when we have found 
the firſt unknown Quantity equal to ſome others, we omit that 
Quantity, and take inſtead thereof what it is equal to. Examples, 
and Rules thereupon, will make the matter plain. | 2 0 


Problem 1. ] There is a Compoſition of 20 Integers, whoſe total 
Value is 82; but there are 2 different prized Ingredients in the 20, 
1 of 4, the other of 44: How much of each Simple is there in the 
ſaid Compoſition, and what the Value of each Ingredient in the 
whole of it, to make up the 82 ? 2 


| = I put q=20, 4=k, 4j=#, and 82=7. | 2 
V Rules for the | 'S 
I [4 the Quantity at 4 Operations, u 14 
_ 2]a=the Quantity at 44 = | 2 
3|ku-þan=t the eee; 4-44 282 3 
4|ku=t—an xkandnant 1 4 
5 - | 4th = by k |= - --— 5 
[—an , F 182—43 4 
6 — ＋＋ ar == 7 + 4=20{6 
7 tanta =I the 6th x by k 82—4ia+4a=80 7 
8$lt—kg=an—ak _|—antak+in7th|82—80=44a—44|8 
. 
glas the 8 e = MU == [9 
8 | ; B 82 —80 
Hence appears the Canon to find the Quantity at u, viz. -T= a 


22 ＋ 228. and 20 —8=12=4. 


For Proof of which, 12 at 4=48; and 8 at 44=34: Now 48+34 
=82 = the total Value. a 


” 


— 


* — 
—— 


Problem 2.] A Perſon dying, left by Will to 2 Sons each a Sum of 


Money s ſo that if to 5 times what he left the elder you add 3 _ 
„ | what 
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what he gave to the younger, the Sum will be 1675: And if from 
7 times the Share of the elder Brother you deduct 8 times the Share 


of the younger, the Remainer will be 210: What Sum did the Fa- 
ther leave to each? * 


I put 1675, d 210, k==5, n=3, m=7, and f =8, 


= the Legac | ; x 
(of the Elder.) j | 
= that of the a . n 
Lounger. | 5 0 oY | : 
u an. [iſt xk; 20x n=$5 u = 1675 3 
=o | d=k;andan+ e | 
S—amn js 241 th — 1 
am bree — 2 397 8a=210 5 
a anal Sch x byx [1575 X7—3ax7—8 a 5=210X5 6 | 
dt : 
ms —dk=am r 1675 X7—210X 5=3 4x 7+8aX5 7 | 
akt | | 
ms —dk __ 22 1675 X7——210%5 rs 
ie br EIS. wang td 
3 3x7 N75 
—175%__ | 4th compared Bo : 
tr with $th. 1675 — =4=230 [ 
= 230 | 


—_ “ 


— 
— 


And for Proof 230 * 5 ＋ 17532 1675. And 230 * 7 —175x8 
=210, as per the Queſtion. 


—— 


— — — 


Problem 3.] A Surveyor having meaſured three Fields of Enclo- 
ſure, hath loſt the Contents : But remembers, that if 847 Acres be 
added to the 1ſt, the Sum will be equal, to that of the other two 
Fields; if 847 Acres be added to the 2d Encloſure, the Sum — I 

; Ou S- 


— — 
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double to the Content of the 1ſt and 3d; and if 847 Acres be add- 


ed to the 3d Field, it will-make treble the iſt and 2d : How many 
Acres is in each Field ? 


I pote=aſt, e=20, u=3d, and k=847. 
iE H; fo thats=q 4 + in 1ft, +a7=efuorametu—ky 
<k=2a-2u Lone x ＋ in 2d. +847 =20-24 e=2a2y 


| ( | (—847 
3k-+k=3a4+3e #=ze77 k+ in the 3d. [5-847 =3a+3e A= ga 


25 ; . 
D 2e 2 — 24 ＋F2 at" 3 _—_ Tre 24 _ 8 =26-T-2U—847x2, + 22—84 
=3k=4u ke 4th contracted. 2 8423, _ 
IS array e OT 
"Oey Foal”, BE Leona 


| 6th Step contracted. ju=8247X14—214- 


7, 7 21 «+ in the 7th $477 Acres 
. { and . 22, Ce. __ = 539 = 3d Field, 
* | 8k 5k S 2 
2 5 the th, and#1n the 47X 
=2k — — of — * — go = 
9 5 1. PE 11 8th is = TX | T _—_— 2d Field, 
7 | D gth. : 
| 21 - 4 == as per I —— 
2241.—— 1 
i ee, e ee 
„ the roth Ste 847 
4 — — — — — p * == = — | 
51 2k _ —a $ 1 g= 77 = the Iſt * 
95 l 5 e 8 A. 
Now = =athe iſt Fial = 77 And for Preof, fee Aae +539 
— Hu g 2 - 
Sb Se the 2d. Field = 385 | 5 r 1 
1 . 53 >= "add 
5 =s the 3d Field =539 4 —.— 20X3 


— — — —— . _ an 


Note 


r n * 
* 


* * 
1 . 
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Notes onthe three Operations to the laſt three Problems above. | 


The middle Column has ſuch plain Directions, as may ſuffice a 
docile Reader; but that I may render every thing plain, I ſhall 


obſerve hat 


In the firft Operation, every Step is as eaſy as in common ſimple 
Equations, till you come to the ſixth Step, which is formed thus: 


Since u (an unknown Quantity in the 5th Step) is found = Fo 


and fince 1 (the 2 Quantities of the different Ingredients in 
the 20) is equal to q=20 ; therefore that I may get rid of u, I take 


what it is equal to, and ſay DDs and then proceeding by 


n—k 


- the common Rules laid down, I find a= by which are all known 


* uantities: and this Canon doth ſhew a=8. 


Therefore « muſt be 20—8=12. Or you may find it by a more 


artificial way, by having recourſe to the gth Step, where a= — 


rg , which you'll find « = 12, | 
In the 24 Oper ation, I proceed as in common ſimple Equations to. 


the 4th Step, and there, becauſe #=——T omit a, and take what it 


is equal to. which according to the Tenor of the Queſtion he- 


ing multiplied by m, and made leſs by at, the Remainer is =d; 
and ſo proceeding by the uſual Rules, as before taught, I find 


k 
ag === 175: And if you have recourſe to the 4th Step, and 


inſtead: of an there, put 175 » (a being found = 175) you will 
have ==, or 8=220.. And * 

In the 3d Operation, the three firſt Steps are compoſed according to 
the very Words of the Problem, and the 2d part of thoſe Steps are 
the ſame, only having & tranſpoſed towards the right, there is ſhew'd 
what the 3 ſeveral unknown Quantities are ſimply equal to. 

Now for the 4th Step I argue thus : Conſidering. that in the 2d 
Step e=2 A -k, and that à is Se-, therefore e= 
2e+24—2 k (which is twice the firſt Step, 2 a in the 2d) 2 
k, which are the reſt of the 2d Step. 

Kkk Which 
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Which 4th _ is in the 5th reduced to 3 k—4 . * 

Then I proceed to diſcover the Value of y by compoſing the ſixth. 
Step, thus: « being in the third Step towards the right hand. 
=38a=-3e—k; and the iſt Quantity in what a is, being, ez and 
2 being in the gch Step g = 4 therefore I fay 3 45 is firſt 
3 times 34 — 4, 1.4.9 k-—124: and the Remainer of what vis =, 
being u—k, that x by the 3, I ſay r K. 
Now the reſt of what « is = being 3 e, and e in the ſaid gth Step, 
being 34x 4; therefore (to make the Proceſs plain) I repeat 3e 
or 94— 122. And there being farther — to make up what « 
is =; therefore I ſay in the 6th Step u=9k — 12-3 — 34 
94 —122— t, Which contracted and reduced, is eaſily found (as 


per the middle Column in the Example) u= 44 Therefore e in the 


5th Column; I. put , —4 times what « is found equal to in the 
Lth Step. | | | a , 
Laſtly, a- being e .- I ſay it Las in the * Step, 
5 — 7 . ins 
＋ (in the 8th Step)—#, ora=2 t———, which-is ==, 


11 
SecT, XII. Concerning Cithical Equations. 

A Cubical Equation may be known by having commonly (for the 
firſt Term) the Cube of the unkn . the 2d Term, 
being the Square of that Quantity multiplied in a Co- efficient or 
ſome known Quantity; the third is the unknown Quantity ſought 
in a known, as thus and the like; au u-cuur-du=k, u being 
the Root or 7 ſought. | 

A Cubical Equation is formed from r, 2 or 3 Binomials, Sc. in- 
volved or multiplied in each other; repreſenting either a compleat 
Cube or Parallelopiped; whoſe Baſe is either a Geometrical Square, 
er a Parallelogram : in which-laſt, if « ++ be the 3 Side, 
#—b= the leſſer Side of the Baſe, and u d= the Length; the 
Quantities multiplied produce this Cubical Equation, viz. 1. 
duu—bbu—bbd=k the Content. To find the Dimenſions, which 
depend on the Value of , it muſt be done by the Rules following. 

2, In a Quadratic Equation, by the Methods of Reſolution fore- 
going, you gain 1 Root; and by dividing the Equation given by 
that Root you find the other, if there be 2 different Roots. 

Thus in the Equation ##— 16 4=—63,. being reſolved gives 
u g: And if the uu—164+4+63 (the 63 being tranſpoſed) be di- 
vided by «—9 (the being tranſpoſed) the _ will be y—7 or 
#=7. So are u- 9 and v—7 found the 2 Roots or Dimenſions 
of that Equation, i.e, 9 and 7. . I. To 


Secr. TI. Concerning Cubical Equations. 
3. I. To reſolve Cubic Equations by Tentation and on. 
Having by tryal, as in the following Example, nd 1 Root, 
you muſt divide the Cubic Equation given by that Root, and t 
will depreſs the Equation into a Quadragic z which Quadratic you 
-may find the Roots of, as is ſhewn laſt above. 
. Has 1.] What are the real Roots of this three Dimenſion 
(or Cubical) Equation #«#— u¹,ẽ,- 1040u=booo? 
To anſwer this ; I muſt firſt find by tryal a Root, which being 
multiply'd, Sc. according to the given Equation, will be 6000. 
Wo | To which end 1 ſuppoſe 10 to be 1 Root u. | 
Then au (or 10*) ia 1000 2 5. K 
The zd Term 1040 « = 10400 n =" 11460 5700 
2d Term—57 uu (or 57 x10*) deduct. = 5700 
The Remainer ſhould be 6000, but tis only 3700; therefore the 
10 fu __ * Wee W. 1 | 3 
2aly, I ſuppoſe t e 4 Root to be 12 2 2 
Then 2 (or . 1728 8 208 
+1040 x — — 1:40 ( mga Reſts 6000 
— 57 (or 57 & 144) — — — — = 8208 "I" 
So that I find 122 or 4—12 to be 1 Root. 1 
By which Root having divided the Cubic Equation given, I de- 
pack it to the Quadratic Equation a#—454=— 500. Which 
quation being refolved, gives «=25, or «—25 for another 
Root. And dividing that Quadratic by this «— 25, the Quote or 
zd Root is found 2— 20, or 4=20. the Operation. 
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. = 500 — the Quote or 


1112 U | Quadratic. 
— — — or u=v/6.25 22.5 2 26 Qadra- 
. tic reſolved, or 
— 45 u - 5402 ö (s Rook. 
— — — 1 2—259)22— 45 . 300 (. 20 
| 5004— 6000 __ TS a 3d 
5002 — 6000 UN—25 4. 
N 20 ＋＋οõ— 
So that the 3 Roots being found . —204u75- 500 
12, 20 and 2533 you may prove the — — 
Truth by putting « equal to each, | 0 


tranſpoſing the Roots, and multi- | | 
plying the Quantities one in another: for the 2d Rectangle will be 
the Cubical Equation given, tranſpoling the Member next the right 
hand of the lait Product. 

Kk k 2 1. Note, 


— "= 
YE 
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1. Nole, That in a Cubic Equa- | 5 
tion if the ſingle Root or Square The Proof of the foregoing Work. 


of the unknown. Quantity be 1— 25 
multiply'd in more than one 1 — 20 
known Quantity, with Signs be- — 
tween the Rectangles, as ſeveral u — 25 1 
Members of the Equation; where E20 t 300 


the ſaid unknown Root is found — | 
ſquared in 2 Sc. ſuch Members, *"uu—45u+500 
they make but 1 Term: and fo 1 12 
do all thoſe where the unknown — — 
Root is found „ ere ano- uu 45 un + 5001 
ther; as * —-½ U— 1 duc ur l 1 600 
+4*=0, In this — 2 17 7 | Neben * 
but 1 Term of the Equation, and unn 57 uu Þ1040u—6000 
uc ur is one other Term. or uu. 57 uu 1040 A oe 
2. Note, That in the Cubic ſup- ( the Equation given, for Proof. 
poſe u ,j Erd =0; the . 1 
2d Term here is ſaid to be wanting, and uc5-4r is the 3d Term. 
Example 2.] Admit this . were to be refolved ; uu4 — 
30.5 uu 309 u=1039.5 : I ſuppoſe 1 Root = 12. and working as 
by the Equation, I find 1 
1 =12* = 1728” The Sum as per Addition of Algebra 
— 30.5 2* = —4392 is 1044, Which is more than the 
T309u = 3708) 1039.5 
2dly, I therefore ſuppoſe a leſſer Number, viz. 11 a Root, then 
u*=11* = 1931. The Sum of which is= 1039.5 = the 
 —30.5uu=—3690.5 > Sum in the Equation given: fo that 
+3094 '= 3399 5 11 is 1 Root, 
34), Dividing the Equation given (with the 1039.5 tranſpoſed) 
byy—11, I deprefs it to the Quadratic uu— 19.5 u=—94.5. 
4thly, This Quadratic being reſolved is « =v/95.0025 — 94.5 
9.75 = 10.5 a 2d Rot. | 
5thly, Dividing this Quadratic Equation by the 2d Root = « or 
1 — 10.5, the Quote or 3d Root is found 9. And for Proof, the 
3 Roots 9, 10.5, and 11, (putting each u, and tranſpoſing it) 
multiplied one in-another, will give the Cubic Equation prapoſed 
to have its Root extracted, viz. u* — 30.5 u* +309 = 1039.5 
From theſe 2 Examples it may be obſerved, That whether you 
happen to pitch upon the leaft Root (upon your Tryals) as in the 
firſt Example, or upon the greateſt of the 3, as in the 2d Trial of the 
2d Example; the Method of Proceſs is the ſame : and ſo it would, 


* 


if you happen firſt upon the middle Root. | Theſe 
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Theſe 2 Examples are of Regular Cubics having all their Terms. 

4. I ſhall give one Example of an Irregular Solid Equation : as 
ſuppoſe #unuunu.10uu= 20.01293, * | 
To refolve this, I can eaſily ſee that 2 is more than the Root 

for 10 times the Square of 2 (alone, without the Surſolid) is 40. 

Therefore [I take 1.5 for the Root, and (working with that accor- 
© ding to the Equation) I find it too great; I therefore try 1.4, which 
is alſo a ſmall matter roo much: ſo that working according to the 

Equation with 1.3, I find it juſt = 20.61293. So that I diſcover 

the Root to be 1.3 . for 1.3 + 10x1.3* = 20.61293. 

5. Biquadratic Equations are reſolved aftexthe ſame manner as the 
Regular Cubics in the 2 firſt Examples: Firſt, By ſuppoſing a 
Root till you pitch upon the right, and depreſſing the Biquadratic 
thereby into a Cubic ; and then finding another Root by Tentation 
whereby to divide the Cubic to depreſs it to a Quadratic, Sc. as in 
the ſaid 2 firſt Examples above for all Regular Biquadratics (or ſuch as 
have all their Terms.) Thus, for Example, to reſolve or find the Roots 
of the Biquadratic u u#u — 29 uu4u 5-308 uu—14204=2400, 

(1.) By TentationI find 8 to be 1 Root, and dividing the Equa- 

tion given by u—8, Idepreſsit to the Cubical Equation uy u—21 un 
*- 1404 = ZOO. 

(2.) I make Tryal again, and find 10 to be another Root; ſo di- 
viding the Cubic Equation by 2 — 10, I depreſs it to the Quadratic 
Yu—114=—30, Which being reſolved, gives a 3d Root or 4=6. 

(3.) Dividing the ſaid Quadratic Equation by u—6, I find the 
Quote to be =«—5 or u=5,, the 4th Root: ſo are 8, 10, 6 and 5 
the 4 Roots required. 

There are 3 other Ways of reſolving or finding the Roots of all 
Cubic and Biquadratic Equations, done more Mathematically : as, 
II. By Subſtitution, Deduction, and Diviſion. | 

III. By way of Conſtruction, with the help of the Parabola and Circle. 

IV. By A 27 or Converging Series. 

i . To reſolve Cubic Equations by Subſtitution. | 

It has been ſhewed how to reſolve Quadratics by Subſtitution, 
and much after the ſame manner is a Canon found whereby to re- 0 
ſolve Cubic, Sc. Equations. | 

Example 1.] Admit the Value of 4 is required in this following 
Equation, viz. uuurFduu—gu=k, or uuut 1202 300 
3714544 : Here *tis plain that d is put for the given 220; g for 
300; and & for 3714544. - | 

The firſt Step toward the Anſwer is to ſubſtitute de in the place 
of 4 in every Term of the Equation, in the Power that () is * 
3 2 * 
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the Canon for de, -/ cd 
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Cray, X. 


(inſtead of du u) 


„ „„ „„ „ 


Then will. this SHE bbc 3beetcec (inſtead of uuu) 


Reſolution. . 
The whole Proceſs 
and Rules are in the 


Margin, whereby a is 


found = 124. 


1. Having your Ca- 
non before you, and 


alſo that d = 120, g 
Soo, proceed as the 
Canon directs you, 


firſt pointing over e- 


very third after the 
firſt Digit of the gi- 
ven Number; the 3 
Points ſhewing the 
Root ſought, will con- 
ſiſt of 3 places, and 
therefore the 1 (S the 
Arſt Y) is 100. 


2. You muſt com- 


Poſe a Number to de- 
duct from that given, 
by taking thoſe in the 
.Canon which havenot 
c found in them; as 
5 ＋ 5 4— 52 = 
2170000, which de- 
ducted reduceth the 
Number given to 
1544544, which is 
your firſt Dividend, 
as by Step 7. 

. Take for a Di- 


viſor (in order to diſ 


cover the Value of c) 
the Sum of the Num- 

bers anſwering to the 
Sumbals mixed with 
or x by c, ſuch are 
[thoſe in the-$th, gth, 
Toth, 11th, and 12th 
Steps; which Sum is 
54120 


—bg — c (in the place of —g ) 


8 An Example of the Reſolution of a Cubic. 
> PR 


3714544 52 179 
1000000 = 

120000 54 Add. 9 
2200000 =bbb—-bbd=1 t 2d Step. 


10 
11 
12 


13 


Add. 


30000 = —bg deduct from the 4th. 
30000 = 3bb |} 
+120 =d 
(20=c _ 
.. . 8000 ce | 
—bo00 = —cg 
Now 12026 
288060 d 
= 72180 Sum, by whichto— "EZ 
.. 5760 3 bee 
Add. 
. 1920 Cc d 


2170000 reſts, which deduct from the 1ſt Step- 
. . 300 235 
r 
600000 = 3 bbc 
480000=2bcd. 
1250000 = Sum deduct from the 7th Step. 
43200=3bb | 
* 
„„ 
A= 
„eite 
—I 200 =—C 


1544544 the iſt —the 6 Step by 13 
24000 =2bd SAdd. 
+ 54120. = the Sum, or Diviſor. 
120000=3 bcc 
48000 = cod 
294544 =, reſts of 5, or iſt Step. 
. . 360=3b 
1 8 
172800 = 3bbc 
115200 =2bcd 
294544 = Sun, deduct from the 21 Step. 


o reſts. 
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54120 your Diviſor, which may be had in the 6 Figures next the 
left hand of the Dividend 2 times, (which 2 muſt be 20, becauſe 
it is the middle of the 3 that will be in the Root, as is obſerved a- 
bove) this-29-1s c. 

4. You muſt not make any farther Uſe of the Quantities in the 
1ſt, 2d, and 4th Steps, but having. found the Value of c, you pro- 
ceed to find your 2d Subtrahend in the 20th. Step with the ſeveral 
ops in the Canon; which you ſee in the 14th, 15, 16, 17, 18, 
and 19th Steps. | f | 

5. And having found your. 2d Diviſor by the very ſame Quanti- 
ties that you had the 1ſt, (and obſerving that here þ = 120, and not 
to 100) you may eaſily finiſh the Operation by the Example, which 
is only a repetition of the Method above ſhewed, and you find the 
3 ſeveral Roots put together is 124= required: which I ſhall 
prove both from the Equation given, and by the Canon, to be the 
true Anſwer. | 1 f 

1. By the Equation u* = 124* = 1906624. 

* 412044 = 1845120 
— 300K =— 37200. 


Sum = 3714544=kintheEquationgivens.. 
2..The Proof by the Canon bbb 4-3 be gg bee corcoobbacba bed: 
mod —bg—cyg. 


55 = 1728000 Note, 5 1203 c=4 
＋3 be = 172800 d= 120; g=300 
＋3 ber 5760 

eee = 64 > Sum = — — 3751744 

bbd = 1728000 | —bg= 36000 | 

2bcd= 115200 | —cg= 1200 þ—37200 , 

ccd = 1920 | — 

3714544 reſts K 


Biquadratics are reſolved after the ſame Method, raiſing the 
Power of bg (which is ſubſtituted) accordingly in making the 
Canon; and proceeding by that, as has been in the laſt Example 
obſerved. | 

Example 2.) Of an irregular Cubic Equation, as ſuppoſe uu u— 
32334 u = 823975=k, oru* —fu=k. 

1, Make your Canon as before, ſubſtituting Þþ+c in the 2 Mem- 
bers of the Equation (as u is in power) in the place of 1. 

2. Where the Equation has not all its Terms, and the Co-effici - 
ent is large, you muſt put ſuch a Number firſt in the Root, as be- 


ing 


ou muſt r that 


igure 1 


ut 
over the Were 2 (as in 


22 n 9 4 * ©, , 


7 — Wu (mg Cd Emin, Guin 2 
ti 
ns o. efficient, and ad- The Canon is 
ded eo ene Oabe, 13]. ee . ee | 
ill be T 
near 47 poſſible =, 1 1 823975 (50=þ ES ens 
and leſs than that 1 Þ 125000=6bþbb. ..- £085 
of the _: Es de 3 1616 ; 
uation; as 
in the EN find- n Niſts er. a} 
ing go = much too — and 9 be bega 
in the PE Any = SP 
great 30 = 970020=bf 
| EL in the C EEE EW 
Step. Then — 88800 nth 4h N 
20=b, I find its Cube” | [cab tt Net; pc 
is the 8th Step, and 654680 deduct. Dink the 10 Step. 
e 
Fs ee eee in 0h. 
ducible as in the roth [12]. 1200=3 bby 
N the firſt, [13 60=3þ Ee. 
oP og. proceed 114. 32334= 
with t 
in che nie, e "the 3 laſt Steps a Diviſor 
and the Value of = 0 | A | 5 
25. I =3bbc 
2: Icfotvctimncs lays 17] 1500=3bc Add. 
a where the Co- ef- 18 125 1 
pe ry la 19] 161679 f 
higheſt Powerſor Va. 20025 269295 Sum, dedu from the ich step. 
Jue of a) is ſmall, that 0 reſts. . 


in the Root one 7 (or more) leſs than the Poing 


iſt Step above) denote. See the 


following Example 
Example 3. Admit 1 45787755 2073975, what is the Value 
of u? $2334 b ubſtituted 1 in room . 


h SMT FT 


Here 
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Here tis plain the 1 ei "tex ö ＋ 

Numb, gue admits The Canon J =b* + 3Þ c-+-3 beered 

of 3 Cuͤbical Points, II as before. c 

but the Root « (or 'S e Fi 5 | 

b eh is but 25. 12073975 (20=b 
1. For if I ſhould | 2}: gag =43 - | + 

ut 1 as the Root of | 31646680 2 0 

G next the teft hand; | 8 . 

that 1 (there being 3 1654680 = Sum, from the 1ſt Step. 

Points) muſt be 100. 419295 reſts of Step iiur 

Now if I multiply | *|———=———— 2" 


3 * 1 4 3 


the Co- efficient b 1200 =3bb Woo OO OT 
100, i.e. if I ſuppoſe | 7 60 233 

two Cyphers put to- — | 

_— ghd _ | 9 83594 = Sum or Diviſor. 

8233400, W (with- — (5, e Ka. 3 
out the Cube of the flo 6000 3] br 
100, which muſt, as III 1500=3bec | 

der the Examples a- {12 125 S 


ve, be added) is [13] 411670=cf | 
much too t wh —— * 
1 Bo — 4 419295= Sum, from the 5th Step. 
2073975 in the firſt |. o reſts. 

Step. —— 010 191i err 

2, Seeing a leſſer Digit than 1 cannot be put firſt, or in hundreds 

lace in the Root; I muſt therefore conclude, that the Root will 
ve but two places. 

3. I therefore ſuppoſe 10 in the Root, by putting 1 Cypher to- 
wards the right hand of the Co- efficient (to repreſent bf) which 
would be 823340, which (by doubling the, 8 next the left hand I 
find 16) may eaſily be taken from 20, (next the ſame left hand of 
the Number given) I therefore put the double of 10 (or 20), in the 
Root and ſo proceed; all the difficulty in this caſe being to put 
the firſt true Figure in the Root: to which end I have not ſeen any 
Rules that contribute to do ſo eaſily and certainly as theſe above. 


| Example 4] Of 25 Cubics by Subſtitution, &c. 


Admit: uu u4+- 3504" = 1225125. Or that 
uu dun =I; and that b-+c is put =. 


L11 This 


2 cm u Cubical Equations. Cnaf. X. 
rota AN * Kea 
of an irregular Cubic 11 Canon is bbb +3 24 zbcc-Tccc g 

1. | 


compoſed of 2 Mem- 8 bbq - 20e i 
bers different from TELE tA * 
the former; where $($225125 (50580 
tho? there be 3 Cubi- | 2 125000=bbb 
cal Points (or Terna- 3 g--o00=bbd 
ries) yet the Roothas 
but 2 places, viz. 55. | 4 I000000= Sum 
Mat fete: 5 225125 it — 4th Step, a Dividend. 
place (or 100) you | 6] 7590=30b | 
will find bb4-3bd 6＋— 
to be much more than | 8| 35999=2 bd 
can be taken from the | 9 . 
Numb, pointed; and 10 43000 Sum, a Diviſor. 
i0=b is much too 6 ET 


A er Br hy f ace. 
io be the Root, that |**| 375253 bee 
produces (by itsCube 13 125 Scce 
added to bd) the next . 175000=2bcd 
Number to and Jeſs 5] 8750=cecd 10 
a 1226125 F eiue, 
eced as by the Canon, | refts o 5th — 16th Step. 
as directed in Exam - | 

ple the 1it, laſt foregoing. 


III. To reſolve Cubic Equations ConftruZion. 
on 3 Vid. Plate A. _—y e ert 


This being done by the Parabola and Circle, it is neceſſary to 
ſhe w the making of the Parabola, c. | N 
A Parabola is one of the 5 Sections of a Cone, being made by 
cutting a Cone by a Plane parallel to che Side which is oppoſite to 
that wherein you cut; and it is Geometrically formed thus : 

1. Draw the Line ({vF@ dy) the Axis of the Section. Then 
croſs the ſame at right Angles with a Line at pleaſure, as (ap) and 
according as you would have the fame (or if the ap, which is called 
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the Latus reFum, or Parameter, be given) ſuppoſe 1 Inch, ſer 
half an Inch from F to a, and to p. IX. 1 

Then take half of one of thoſe Halfs (or 4 of the Parameter, or 
of 1 Inch) and ſet it from F to v, and from v to , ſo is F= the 
Focus, and v the Vertex of the Parabola. 

Then draw as many Lines as you pleaſe parallel to ap (as ol, 
Sc.) with a Ruler on purpoſe for drawing parallel Lines; and the 
Diſtance 7 to o in the Axis extends from F the Focus, to / in the 
ſame Parallel forming the Curve (vp11, Sc.) which you may draw 
through the Points (, I, &c.). And having found the Curve on one 
ſide of the Axis, as vl, ſet it off on the ſame Parallel, on the other 
fide of the Axis, as vo, Vo, Sc. and draw the Curve (oo v) ſo is the 
Section finiſhed, and aFp is the latus rectum, o an Ordinat 
Applicate (or whole Ordinat) oo the Semi-Ordinat, (which is com- 
monly called the Ordinat) any yo in the right Line is called an 
Abſciſſa. ; | 


Now ſuppoſe a Cu- r 
bic Equation were | aun KD 2 MI", | ſo ; P=2 
Or wn 3uu—2u —2 2 q=2 


1/t, To find the Value of u. From the ſame Scale by which you 
ſer off the Latus reFum of your Parabola, take 3 (the Co-effictent 
multiply'd in the Square of the Root ſought). and applying it at 
right Angles to the Axis (vy) towards the right hand, becauſe + 3 
it will cut þ in the Curve. 

2dly, Draw a Line at pleaſure cutting a ſuppoſed Line (vb) in 
the middle at right Angles, as qq. \ * 

34ly, Where that Line interſects the Axis, as at & ſet half 2 
8 becauſe — p, viz. 1, from the ſame Scale extends from 

tO N. | . 5 uw? YN 

Aby, On n erect a perpendicular Line m which will cut the 
infinite Line qq in r. | 

5thly, From r ſet half q= 1 towards the right hand becauſe — g, 
and it extends (by the ſame Scale) from r to 5, which is the Center 
of the Circle ſought. | | | 

61hly, Extend the Compaſſes from to b, and deſcribe the Arch 
ae h, which cutting the Curve at e the perpendicular Line ee mea- 
ſured on the ſame Scale, gives u = 1, which is --1 or affirmative, 
becauſe the Section e is in the right hand part of the Curve. See 
Philoſophical Tanſackions, No. 188 and 190 z Dr Halley's Method. 
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Sc r. XIII. Approximation'or Converging Series. 
What is meant can is ſhewn under the words Converging 
Series in the foregoing Alphabetical Account at the beginning of 
this Chapter, and will be farther explained by the Rules and 
amples following : aT#u—7 b „, &c, isa 
Series ; which I multiply by «* —5“ as followeth. 
— — RR _ . — 
2 — 1b A- - ub 
u —65 . | 


A. — — — —_— 


— 


2 


„ e e, &. 
PIP TIF4ETY he, &c. 
«—b = the Produc. — 7 eh 


Here it is plain, that if the Series was continued never ſo far, 
the Negatives would deſtroy the Affirmatives: But my intent in this 
Section is not to ſhew the way of _—_— expreſſing 1 a 
Series, a Product, Root, Sc. for though that be a pretty Specula- 
tion, tis not fo eaſy to diſcover the Roots, Sc. therefrom. But 
I chuſe rather here to the great Uſe of Converging, in find- 
ing with much eaſe and expedition the real Roots themſelves. 


y I. To find the Square Root, as ſuppoſe of 13. 


Here Twill put ; for the Square or Surd Number given; r the 
1ſt two Figures in the Root; 4a = the 2d Approach to the true 
Root; ande the zd Approach; the ſeveral Approaches being the 
coming nearer and nearer to the Truth of the Root by ſo many 
Diviſions, by 1 of which ſeveral places in the Root are gained, as 
is ſhewed under the fifth Head following, 2 | 

If in the Example above it be conſidered what Number ſquared 
will be next to and lefs than 13, or what 2 Digits will be next to 
13:00 and put r for thoſe 2 places it will then be 5 —rr-2r=a 
the 2d Approach, | | 


| FTT FFA =e the 3d Approach, &c. 
1 133.6 ＋ 3.6 * 2. 0555 =a the 2d Approach, 
36. . | 


+ 
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13—3.60555* 3.60555\X 2=.00000127546=e,, 

and r g- . Or 3.6 + ,00555 + 00000127546. which is = 
3.605551275464 — = the — Root required to 13 places (but 
ſee more under General Head the 5th following). Or e will be 


r- 2T 4-442 2 2 : 

TEST which facilitateth the Operation as to ſquaring 
9 6 at the iſt Approach, the 

r 3.6 at the it A you may, as in the com- 
mon Way of Extraction, put 3, whoſe ſquare is next to and leſs 
than that of any other Digit deducible from 13. . 

Prop. 2. To find the Square Root of a larger Number, as of 371.00071 

=, Sc. as before. . 

371.00071 =. 19 = the 1ſt Approach. ; 


—361=rr 


to. oo - (= 31) =.26 = a the 2d Approach, and 
1442 — 
Again 371.0071 — 19.26 = 06311 19.26 * 2 = 0013787 e 
1 A 9 3787 
And * 4 = 19.26 ＋. 0013787 + = 19.2613787 = the 
| oot ſought. a 
So by the ſame Rules of Converging Series the Square Root of 
4712345 is found 2170. 7936 


III. Approximation, or the Extraction of the Cube Root by the 
Method of Converging Series. L 


I ſhall alſo proceed in this with as much Plainneſs as I can, ob- 
viating what only is to the purpoſe. | Ex 
I. 50 poſe then I would know the Cube Root of 13 , for the 
frſt in the Root which is known here I put . Then the Process, 
as in common Extraction, (which is the beſt way in this Caſe, as 
being moſt accurate and certain for-the 2d in the Root) will be 
$—#* -3rr = R =.3 the ad in the Root. 
Or ſuppoſing 2.3 put in the Root together (for I can eaſily fee thar 
2.3 is the Root of the next Cube Number to and leſs than 13.000) 
it will be as before to find the 2d Approach, 2:3 =r = the 1it 


Approach. 
Then 5—r* =3rr =.05 S the 2d Approach, and now 2.35 Q, . 


Ands—#& -3RR=.0013335+3= the 3d Approach. So 
is 2.351333 ＋ the Root. e 0 
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Or in Numbers more plainly thus ; 
13 —2.3 (=12.167) = 833, 2.3 X34 2815.87)'D'05 the 
2d Approach. 
And 134-2. 35 (12.977895) 022725 4-2.35 *x3(=16.5675) 
=001333+=the 3d Approach. 

And the iſt Approach ＋ the 2d ＋ the 3d 2.331333 K, which 
is the Cube Root of 13, done with near 200 Figures fewer than in 
the common Way of Extraction. But ſee Head 8. following. 

2. And if we put r= the known part of the Root, and a for 
each new Approach, you have 

rr 2ra+4aa= the Square of ra 


34 2 my a* the Cube of -E 


So likewiſe r*+ 4 ra a*-44*r5-4*= the Biquadrate of 74-4 
And - -g oa +1077 Se = the Sur- 
folid of 4 


And as in the Square and Cube Roots it appears to be (putting 
s for the Number given to have its Root extracted) | 
SFr 2r=6 the ſeveral Approaches in the Square Root. 
: S—r* -37r=4= the Approaches in the Cube Root. 
So for the Biquadrate and Surſolid Roots it will be 
0 4 = a the Approaches to the Biquadrate Root. 
Ands—r' -5r* = 4 = the Approaches to the Surſolid Root. 


= Cube = 8—-r6+6r;5 =a 


Surſolid =8—r7—7r6=8a 
Squ. Biquad. = 8 —r8—8r7=a 
Cubed Cube =8—rg-.9g9r8=2 
Hence it appears, That the known part of the 2d Quantity next 
the left hand in the abovementioned Powers of a, is your Di- 
viſor. I come next, 


IV. To illuſtrate by Numeral Examples the Extraction of the Bi. 
quadrate and Surſolid Roots by way of Converging Series. 


I. Ayr, the Biquadrate Root of 314. The Proceſs is (the iſt v 


qr * (= 256). = 58 41 (=256) =,2=8, So is 4.2 
a new r. 
55 314—7* (311.1696) =2.8304 47” (890) . ſo 
s 4. 209 a new 7, 
And by repeating the ſame Method with that laſt r, you have 
4.2099 ＋ for the Biquadrate Root of 314. p 
8 2. 10 


Approaches 
to the 


. 
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2. "To find the Surſolid Root of 314 (the firft » = 3) the Proceſs 
will be | | 
1ſt, 314—3 (=243) =71 >5r*(=405)=.1=a8. Sots 3.1 
a new r. | £5534 
2dly, 314 —3-1* (=286.29) =27.7185 461.75 (=5r*)=.05 
247) 55) "==, 2d 3.15 = new”: fig | 
3d, 314 — 3.15 (=310.1364) =3.8636--5r* (=492.28) = 
,007 S. So is 3.157 =anewr. 
And proceeding in the ſame Method with that new 7, the Sur- 
ſolid Root of 314 is found 3.1578 ＋ | 
But there is yet 


V. Another Way of Converging (for Example) to the Square Root. 


For as in the 1ſt Example in the . Root in this Section the 
Canon was (putting 5= the Square Number or Surd given, and r 


for each Approach to the true Root) — — r the 2d, Sc. (or here 


to a) ſo in this Method I am going to ſhew, the Canon is . 


s 
27 
r the 2d, Se. | | 

Now ſuppoſe 5= 13, it follows that the firſt » (or Figure in the 

Root) is 3, ſo that 134+ 3*=6=3.66=r the 2d, | | 
Note, The Diviſors are 13 3.665 27.32 3.605955 — 3d. 

' always the double of And 13 3605955 ＋ 7.21191 =3.60555129 
the r next before. r 4th. 
From the laſt Example you may note, 

1. That though the preceeding Number be falſe, yet by every 
Repetition of Proceſs according to the Canon, it convergeth or 
comes nearer to the true Root or Value of — - 

2, That the Places of the Digits in the ſeveral Approaches are 
true, according to the Progreſſion whoſe Ratio is 2, and the iſt 
Term 1. So Places. 

In the iſt Approach 1 viz. 3 


: : 20, 5 Are true, the 
8 3.6056612 reſt not ſo 


r the Square Root of 13 prope. 8 
And if the Operation were repeated, as 3.60555 129. + 13— 
3.60655 129 x 2, the Quote will give 16 places true in the * 


4 
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uffords double to that preceeding. B 
Reader may chuſe which of the two ways he likes as 8 
or the firſt way, n waer 


Kea be e | „ WR 4 


—4  - n+. 


"Example 2. Of this Way Lene, t ana ren 


For. every- 


7 29507 740.4132345 W = 
"4 29507710-4132345 CU Gas TY 
| 25 f a 1 
27 = 10) 84kkͤ 64 = che 2d. 1 
e 19999 WHIT een WO mere ee 


22952 
e 


235 fs © 


N 39% | ' 
1 al QOCUTRE £ 237 M110] * L 1 l 
| 20507710 = = of the Data, 


225882. =5432% ͥ -» | 
27=10864) = 5901 4334 — - (54931000=rche ah. 
| hr OR eee 
0 1a. * 34873 | LAB) © >». 4 444% 
22814 bs * 
10864 MEOH 04 2 5p th % 4 


| 2 he 32 295077 10. 41323450 
0 13587 722387219. 


As 2) 15420 2323450 7 200000 7710 — er 
an 59015420.8 wu 929779: 


REG 


fit 499442 © 1 dhe sch A 
348740 | 

-228148 | * : | 
$5.45), - x; LO: ee 
een 932346? ; 
| 9 : 
a F 838820 
| 723260 | 
4200 227660 | BRI 

34. yt L 103760 a VI. But 
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. Ot dS p- wat babl: 11; 43 nw 15 
'\ But to perf rm the las Operation by the Method fr taught makin 
* — each Approach, and t = the Total of the e 


32 
4 


. m— | 1 *+ 95 ole 7 ney 4 g 
=, 950% 10.432345 A (5 =t2d= 
27 0% = = = = = e * a 


N 


2930 anne 285 1242 
2916 2. and t the 2-4 the 2d t the 3d = 543 
wad i 1 . N 


27 108) 347 3 (0032.=4 the 2d. 


9 9 


5 1 237 t 2d +8 the 3d = 4th. 
— and t the 4th 5432. 1000 
1 29507710. 1 of en n inn wtf 
29506624 —=tt «SH, 1146 WO * TT 
27 10864) 10864 — — — (0000:1000=4 3d. 
4 0132 | 
29500 10.132340 
| 29507710.41000000 =77 
21=10864.2000) =,00323450000 (0000.000000297721 =a the 
£ * | 1061660 : 4th. 
838820 and a the 4th+! the 4th. 
783260 


227660 =5432.100000297721— 
103760 =the Squ. Rpot ſought. 


This Method is ſhorter than the laſt (as I ſaid before) becauſe 
the Figures in the Approaches are not repeated by dividing : or the 
Sum of the iſt 7 and the*'s is = the ſaid Root. 
Note, The Approaches are added as Decimals, or put ſo many 
Cyphers towards the right hand of each Approach as chere are ſig- 
nificant Places in the next ſubſequent Approach, and ſo add. 

And as in the laſt Example the Operations in Diviſion are ſhorter 
than in that next before; ſo the Canon for the Approaches (next 
after the 2 firſt, when the Squaring of the Approaches grows ope- 
roſe) does ſhorten the Work of Multiplication z or that Prop. of 
Euclid (I think 1, 2.) which ſays, That of two Lines (or Num- 
M m m bers) 
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very) if one be divided into any Number of Parts, the Sum of the 
ectangles of one by the ſeveral Parts of the other, is = the Rect- 
ch one whole by the other. 

| angle it being my Deſign here, onl A. bew how the unge Multi. 
Reds I for producing the 4th, ee may be contra- 
d; I ſhall explain the ſaid Oe. which is grounded on another 
op. of Zuid z. 2 any Line (or Number) divided into two 

_ the Sum of the Squares of the Parts, more the double 


"NING of thoſe Parts is= the Square of the Whole. 


So in the laſt Example putting t the 3d = 5432 
a the 3d = :.t000 


Ergo 4 el LI = ar 


There ariſes e to the Canon under the 2d Head of Con- 

verging toward the Square Root, this Equation. | 

ow whereas it would be a little tedious to fquare the whole of ? 

the 4th = 5432.1000 (eſpecially if the Cyphers were ſignificant Fi- 
gures) I therefore always divide it into 2 parts juſt at the. meetin 

of the 22 as 7 the 3d, and à the 3d, viz. into 5432, — 


.1000, then as the Canon directs, = 
140 44 
1086.4 2 21242 
9 it in che ul 5 before, pa 
done.) 
295077 10. 41 fi S the Sum = 5432. 15 in the 
_ ts | laſt Example. 
In this Operation (this way performed) you faye the trouble of 
working inſerti 2 Figures in 29. 
And his later er Method being uſed, 8 the 3d, Sc. A oaches, 


does much facilitate the 58 . And thus I think I have 
made this matter ſhorter, more certain in the Approaches, and 
— chan has deen done Ake | | 


— 


218 
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ee ee ee Gee Hee) dn 60 
extract che Cube Root of 33 148046517 294490003050267 = 


09178; * 


he wa beg. Root fought = = # 
rag the Theorem | Each Approach = #4 
1 Sum of the Ap- 1 Jag 
| - — an þ 
1. Note, You 3 bring down. o much of c, as will admit of 

n to be deducted. 
N deducting the laſt 5*, you 


a. If any thing had remained. 
muſt have put Cyphers, and divi by 35*. See the Opera- 
ion thereof. | 


431486 {851725 4436663656267 (3 Sa the 1ſt. =s 
33 =27) 6 . 02 =& the 2d 
„ enen 


> 33148 = = part of c. 
g 32768 = 
33 2009) 3806 ee = 8& the 3d. 
5 | 6 car pal} 


= and the Pro 


"331486495 17204 =plrt of c 
33147319244507 = 2p 4 Ls dick 


3=3095661387) aro nn aaed 4h the 4th. 
＋E 32123 


10000787263 
7136031026 = 321234323 
9447082626 =5=r. 


Pls 141416485 729 1446063656067 . 
1 33148 642517294436603656267 = 2 


o reſts, ergo 321234323 = Root 
required, 


This 


M m m 2 


1 Converging Series; nr. x: 
This might be proved by the common Way of Extracting, tho? 
Border Loa) pb I ſhall chuſe therefore rather to- 


rove it by Involution of the Root, multiplying. by. 2. * at 
ance, as Ut 15 195 6. Cbap. III. 


A 321234323 =r=theRoot | 
* 321234323 


7388355429 | 1 

13813075889 Sr; 2. 

4 Ee 7388389429 \ 9 02 ©: 
11 ͤĩ AA 4 HIS 1 
96370999 3 

fs beets tits: "103191490273268329.=7" 
N 3 <7 _IZTAIHIZG ST; 


oy „ „„ 


; 2373404276285171567 
_ 443723408F750538147 
237340427628 51215677 
ee, | ER 
© 309574470819504967- 


— 


33 1486485 1729443 66036 6267 =c= the Proof. 


Sw * A232 


vm. To mee * is aid in Nite 3: I ſhall ſhew how 
che firſt Example of Approximation to the Cube Root foregoing in 
this 13th Section, is done by different Approaches and Fi — 

what it is there: And how to manage when Negative Num 


in, as when the Cube of 2 ors exceed the Cube given. from 4 
Bm — Nennnend 


Thus 


cer vll. Converg 7 ing Series. 


wen een th Cue Roo of 13=e Approaches = a 
4 Sum of d Approaches = s 


— = @ the 1ſt, 2d, Ge. Ar 


Fhe Theorem 


135 8 (2 2 =. | 
37 212) 50 A= ad. ＋4 iſt. = 2.4 


Fs 
13.8242 | 


No an. 28) — 824000 reſts (—0476=a the 3d.-5-s the 2d. | 
13280 = 2.35245. 
11840 - | 


— = 
1 5 


13. 
13.01 767621824 =9 


gib. 60135718 )—.017676218240000 Gin 0010647 = a the 4th.. 
_ 10748610600 +2 3524 = 23573353 =: 
7877962920 5 

12374200480 


13. 4! » 
© 13.000010155464809237977 = 5? 
FFF 
e 5th, 


2026640617010 0 — 
- oy e + 2.3513353 


3780163 100023230 
4628964842075760 =2:35 155775 


13116982262601060 (3 
250 072462710 =» the Root of the 
504549107240271 | (6 given pen 


I. Ie ma be Ae from: che laſt Operation, That there are 
different Digits in every A ch, from thoſe in the Approaches 
under the firſt Example of the Cube Root, in this Se2. foregoing 
But 24y, That tho* the Digits towards the right hand in theſe Ap- 


proaches be wrong, yet thoſe 4's ariſing from the ſubſequent Ope- 
rations proceed in each nearer and nearer to che Truth. 
2. Although 


5 . 
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2. Although the Cube of 5 does all along exceed c the Cube Num- 
ber given, and cannot therefore in the common way be ſubſtracted; 
yet by the Rules foregoing in Logarithms and Algebra, and under 
the word Negative (Arithmetic) in the —— Explanation at 

the beginning of Algebra, it may; (for Example) 13.824 may be 
taken from 13: but then there will always remain ſo much leſs than 
nothing to be mark*d with the Sign — as the Subtrahend (or Cube of 
5) exceeds (c) i. e. in this Example of deducting a (the firſt) from c (or 
13.824 from 13) there mult remain —.824 to be:divided by the laſt 


6 ng ſquared and multiply'd by 3. And therefore that Quote 
Mult be negative, i. e. —.0476, which added to 2.4 a the firſt (as 


per the Doctrine of Addition of ge) the Sum is = 2.3524. And 
ſo forward of the Management of the other Negative Numbers or 
Quantities z as is taught in the Arithmetic of Negatives under the 
word Negative, at tho beginning of Algebra, Chap. X. and alſo 
Seck. 2, 3, 4, 5. of that Chapter; Se. 3. of Chap. VII. 

Theſe are the moſt brief and accurate Ways that I know of 
Converging Series, tho' I am not ignorant of others which ſome Au- 
thors have been fond of exhibiting 3 but they are neither ſo ſhort 
nor accurate as the common way of Extraction. I ſhall give the In- 
ſtance which they have exemplify'd in finding the Square Root of 
133223. . 


Their Way by Converging Serie. The common Way of Extraction. 
"os Hg 1 — 2 
133225 =c | 133225 (365 = Root. 
4 * „ , Cc * 
r=3) pirate: n 6) 432 25 
„ | 72) 3625 
Diviſor r=3) 216 (6=5 0 
18 2 . 
| 3 | | 
45-18 EW Done by putting down 20 Fi- 
Dig = Sum. | ures : Whereas their Way 
7236) 1812.5 (5 Converging takes 48, be- 
| — ſides the Signs and Symbols, 
83 and is therefore not worthy 
. 1 of Conſideration. | 
1 ee 
Reſt = 366 0 | Their 


Sr r. XIV. Figurate Numbers. 455 

Their other Inſtance. of Converging, in the Example of 2, takes 
25 Digits more in the Operation than the common Way of Ex- 
traction, and is not true in the 3d Decimal Place: W ul new 
Invention! v1 | 


Sec. XIV. Concerning Figurate Numbers, with unver ſab Series“ 
to exhibit and give all the Figurate Numbers of any Order, 


| I have added what follows becauſe the Series's will be found very 
-uſeful in a great many Caſes, as how the Unciz of Powers of a 
Binome are found ; they are uſeful likewiſe in determining the 
Numbers of Combinations, and the Laws of Chances, Sc. 


The Table F Figurate Numbers. 


Monads — — — — 1 
— — I 
Triangulars — — — 1 
ramidals —— — — I 
riangular Pyramidals 1 
Pyramid Pyramidals— 1 


1 The Conſtruftion and Uſe of the Table. 


The Monads, or Units, =p; ye) give the lateral Range, which 
are called Numbers of the iſt Order, as 1 and 1 is 2, and 1 is 3, 
and 1 is 4, Sc. or 1, 2, 3, 4, 5, 6, 7. | 

The Laterals being added give the Tri ars: as 1 and 21s 3, 
and 3 is 6, and 4 is 10, Sc. ſo that theſe: Triangulars 1, 3, 6, 10, 
. 15, 21, 28, are called Numbers of the 2d Order. 

The Triangular range being added give the Pyramidals or Num- 
bers of the 3d Order: as 1 and 3 is 4, and 6 is 10, Sc. giving 1, 4, 
IO, 20, 35, 56, 84. I 

The Pyramidals being added as 1 and 4 is 5, and 10 is 15, give 
I, 5, 15, 35, &c. called triangular Pyramidals or Numbers of the 
4th Order; and FM — 

We Triangular Pyramidals added as before, give the range called 
Pyramid Pyramidals which are Numbers of the gth Order, &c. 

- The Names of theſe Numbers are analogous to the Coffic Num- 
bers or Powers: For if in the ſide of an Equilateral Triangle ns 


I I 1 * 
41 5 2 
n 
20 35 56 84 
35 70 126 210 
56 126 252 462 


rs 
& S O m 


— 
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be 2 Points., the number of Points in the Triangle are 3 = 1 
| +2 = the. triangular Number of the lateral 2 if there be 3 points 


in the Side as * . the Number of Points in the Triangle are 6, 


= the Triangular of 3; if 4 Points are in the Side as ** * the 
Number of all the Points are 10 = the Triangular of 4, and fo in 
the reſt. In the ſame manner, the Numbers in the Pyramidal Range 
will make the number of Points of which an equilateral triangular 
Pyramid may be ſuppoſed to conſiſt, if it be imagined to be com- 
ed of Triangulars that are parallel to the Baſe, and that the 
um of all the Triangulars make up the Pyramid. That Num- 
ber in the Lateral Range, which is the perpendicular Column over 
any Figurate Number, is called the Side; thus 5 is the Side of the 


Triangular Number 15, and 7 is the Side of the Triangular 28, 
and of the Pyramidal 84. . 22 


2 


: FH” 2.3 ＋2. 22 3.4 
Of 3, it is 3A 7 = 25 wer. 


2 
Of 5, it is +5 == O - == 1 = 5 Anſiver 
Univerſally therefore if the Side be I, the Tri r Number 


will be =>, or if you ſuppoſe [=#— 1, the Triangular of — 


. 
r 


+ © 


Prob. 


e |  Figurate Nambers. 437 


e 
midals. 


Db Prranidal of ths Lateral 2 in = a 2 


2.3 
. 9 — 2 E | 
b 4 2.3 ＋ 23 2.3 2.3 2.3 
2:45 45 3:45 4. 3:£5 .. 45:33 45:6 
Of 4, is= 9 - ASI | 2 "7 
6 6 6 6 6. 
ots. b e 
n r 
. K. 
be T. _ 7 
| - | 6 «© MM — 122 
Or making #—2=, Rig. ——_—, 


2 3 


_W— * — 


Problem 3. The Lateral Numbers given to find the Triangular 
Pyramidals. 


The Triangular Pyramicals of 2 is 5 = S245 


2.3.4 
2-345 4.3-4:5 _ 2:3:45 4 3:4:4:5 342. 

Of 3, itis 734 ＋ 24 2.3 99 2.3.4 2.3.4 

2 

3˙4 7 
- 3:4:5:6 48.5 _ 3:45:6 " 44:4: 6 = 45: 637-4 

Of * 2.3.4 2 2.3 e 2.3.4 © 2.3.4 

— 45.0.7 | | 

8 2.3.4 
822882 4:5:6-7 , 45:6.7 _ 5.6 2. 

Of 5, 2.3.4 * 2.3 725 2.3.4 > RT 224 1.3.4 

_ 5.6.7.8 

hoc 2.3.4 


Nnn And 


„ Fee Numbers. EnarcX:. 
And univerſally 4 7 77 4 be 1, the Figurate Number 
of the: 4b Order is . . mn And if de 


make #—3=h, deer n 
. 


en e That in the Fi te Numbers 
of REI Order if the Side be = I, Fat in he Figura Number 


ings . . I, . I, or epos l. 


4 
| —2 nu — 

the. Series will be =. = = — - — 

Henee the following Serie ill ive ll the Figurate Numbers 


5 4 I+-3 
of any Order whatſoever : 4. «. 7 x = . | 
* TE — I ry Sc. Or this Series. . —=, 
— | Fe 4 er pb tu | 


. 


REY AN | 
APPENDIX 
To an intire Syftem of ARITHMETIC: | 
e D HAT T'ON, Gent 


Of the Mexfinton of Spereics end Sis 


. « Y Intent is to be as brief, and ye 
b 


We ——————_—_ 


{ as 
248 Sd fible ; not doubting but the Viriety —_ — ya 
N meaſured,” more any other Treatiſe of Mea- 
| GJ ſuring contains, that I 4. ſeen or believe to be 
ö puabliſbed, will meet with the Approbation of the 
— in this Geometrical Science. 

The Dimenſions I will ſuppoſe taken in Feet and Decimal Parts, 
as beſt anſwering that Accuracy and Brevity which will be expected 
from me: But at the Cloſe of this Appendix I ſhall give my Ad- 
vice what Inſtruments are moſt proper for the ſeveral Kinds of 
Workmen ; and alſo by what Denomination the ſeveral kinds of 
Work is valued. 


| IN 
© - 


Nun 2 . CHAP. 


460 The . Square, bee. cl. 


a ap av. apa. ar. ap ab- 
C H A P. I. 
To meaſure any Super fie 


J. defined to conſiſt only of Len 
AD Pts 4 Gir, without taking any Notice of Thic — 


Sect; I. The-Geometrical Square and TO ae: 
Rhombus and Rhomboides, : 


Propofution 1, To meaſure the Geometrical Square. AY 
Definition. This is a Figure conliſting of 43 Sides, and as many 
right Angles : as Fig. I. Plate C. 

Rule. Talknthe Digealions of cas Side, as ab; and multiply it by 
itſelf, gives the Content. | 

Example. The Side of any Square being 11.28, 11.28 
. the Content is found 127.238, as per Marg. — 4} 
Prop. 2. - of py Area of the Parallelogram.” — 


Denn. This is a Figure of, on boun- 1584 
ded b Fran Sid , «So 
el Sides, having 4 
II. Plate C..: {DING 
by the Breadth,.. 
and the Product is the Area. | 3.83 
Example. The Lows 8+ =, 23.53,. Breadth . ' UG 
Prop. a. Rad te the , - .q MR * bs 
rop. 3. 10 nd 6a of 4 | =g0s 5 
: B * the 1 80 50 being pal. and 
Si and hath 4 b, 2.0 ones 
the Sides parallel: as Fig, HI. PIE, py 
Rule. The between 2 oppolite Angles, 214 bee. 


i gives the Anſwer, 


"Example. 


Sxer. II. To meaſure the Comic Seftions: 


Example, The Diagonal hd 1.345 c = .85; 
the Anſwer is 1.139 
4. To find the Area of the Rhomboides. | 
Dole This Figure is bounded with 4 Lines, 
the oppoſite Sides equal and parallel, and the 


oppoũte as Fig, 4. Plate C. | 
Rule. Multiply the iagonal a by the —— 12.47 
dicular c# or nr, and the Rectangle anfi bt 44127 
Example. The Diagonal ab = 12.47, the Per- 
pendicular c # = 4, and the Anſwer is 33669 


therefore, as per Margin, = 51.46369, | 51127 


Sgcr. Il. Ta meaſure the Conic Sections. 


Prop. 1. To mea, Triangle. | 
Defin. Right lined Triangles are of 3 kinds (befides tte equilateral 
whoſe Sides are equal) vix. Right angled, as a or vn right 
angled at / in-Fig. 5. Zaly, Scalenous Triangles, as oro, the Sides 
— 4 ual, And, 3dly, Ifoceles Triangles as a2 x 


Sides are laſt is one of the 
eee by cg de £90) down 
che Aris, as'0 p, Plate C. 

Rule. Multiply the © (as.x a) by half the- Perpendicular (as n) 
or half the by the icular, or the P by 


the Baſe; and taking half the Product, will the Area of any 

Triangle as above mentioned : far all 1 
of the ſame Baſe and Perpendiculan- DU 

——_ The Baſe 4 * being = 9.45, that A orten 7 iT 4208 

— — 12 621 

— a8 per M | 1 0 


2. To meaſure the Circle» 
Denn. This is formed ay: ng 
(xwagx-s) parallel to 
Fu — — 
are ſe — 

— 


che Cone 


nnn 


Ty meafure the Conie Juli. On. I. 
"If As 7 to 22; ſo the Diameter (as 75, Pig. 6) to the, Cir- 
 cumference. 
2a), As 1 to 3.1416, fo the Diameter to the Circumference. 
Ten multiply the Circumference by a 4th of the Diameter, or 
a 4th of the Circumference by the Diameter, gives the Anſwer, 
Or the Area of a Circle i is found without the Circumference 


this: 
| LE is to 7854 * ſo is the Square of any Diameter to the 


er 


Example. Admit che Diameter r 5, Fig. 6. de 7 14.32 
= 14.32, What 1s the Area? | | 14.32 
ow, the laſt Method c 
1.7854 :: 205,0624. 161.056 = Anſw. 45822. 
Prop. he 7 meaſur: the Ellipſis, or Oval. 20048 


* This is a Section of a Cone, made by | 
tting it through both its Sides, but not pa- DO = 205.0624 
. to the Baſe, as the Seftion Je Fig. 5. 
Plate C. which produceth Fig. 7. Plate C. 


Rate. Multiply 'the Latur mes Cemeteries An) 42, by the 
Diamerer Conje d and the Product is = the Square of 
the Diameter of « k to the Oval: then work as in 
the laſt. 

Admit 17 2 1.34. nd cd=19.8 1815.34 
che Auſwer is found 147.95 fere: for 1 l I cd 12.28 
'T. 7854: . 147.9499 ——— 
A T6 find the Area of the Parallels. 5 442855 
This Section is formed by cutting the 18408 


| Cone parallel to the oppoſite Side, as in the — 
Line 5, Rz. 5. which is parallel to the Side 2 188.3752 
a # and produceth a Parabola ; 2 Fig. 8. Plate .. 


Rule. This Figure being 2 Thirds of a 3.84 
Parallelogram made of the whole Or- 1b¾b a4 
dinat p 4 and the Abſciſſa 55 there- | —— 
fore e thoſe 2 Lines to- | 20736 
gether, 2 irds of the Refangle i | 11 e Lid 208 

| RR e kaut = 07886 
tap=3 84, and 55= e = 94753 

2.543 2 Thirds of the le is I = 3.2512 

= the Anſwer = 6.5024. 4 or Aufuer = 6.5004 


Prop. 


Scr. Ill. To meaſure any of the Regular Poljgons: 403 

Prop. 5. To find the Area of the Hyperbola (or Hyperbolic Space). 

Defin. This Section of a Cone is formed by 22 it (not parallel 
_ ro the Side, as in the Parabola, but) ſo that if the Axis of the 
Section were continued upward, it —— interſect the oppoſite 
Side of the Cone produced: the Seftion's Axis is repreſented by 
F ap Fig. 5. and produceth an Hy as Fig. 9. 

e 

To. meaſure this ö Rule that can be 
for Practice: the In by the aye 
the Alymptotes, an Infinite Series, and partly by the Method of 
Fluxions ; which tis not OT e er 


Szcr. III. To meaſure any of the Regular Polygons. 


Defin. Theſe are Figures conſiſting of above 4 equal Sides, and 
as many equal Angles. As, 


The Pentagon having 5 equal Sides, and n 


Hexagon 8 
Heptagon 7 
Octogon 8 
Nonogon 2 
10 
Undecagon 11 
Bodecagon 12 


Rule. To meaſure any of theſe, draw 2 Lines from any 2 
that include a Side to the Center : n 
Triangle, as taught 3 1. Se. 2. above. y, Multiply 
the Area of that „ 2 
duct is the 8 te x Aura Polygon. Or multiply half the 
Sum of the Sides by the neareſt Diſtance from the Center to one 
of the Sides, gives the Anſwer. 

Example. The Side of the Pentagon (5 d, Sc.) Fig. 10. is= 15.34, 
the Perpendicular (or Radius 2 a Circle inſcribed) is re= 10.5 : 
So that 15.34 multiplied by 35, the Number 


of Sides, gives = 76.7 = Sum of the Sides; 38.35 
half of that is = 38.35, r | 10.5 
c 10.5, gives the Area = 402.675, | 


Auſiver = 402.675 


Ster. 


464 D medſure the Trapezium, &. Sx or. IV. | 


SECT. IV To meaſure the Trapezium, the Parallelogramic, 
the T0087 am, (or Multangle, or irregular Polygon) the 
Area or òͤuperſicies of the Cylinder, Cone, and Sphere. 


Prop. 1. To meaſure the Trapezium. - 

Defin. This is a Figure of 4 Sides and 4 Angles, uncertain whe- 
ther parallel or equal, but is commonly neither; as Fig. 11. 
Plate C. | ' | 

Rule. Multiply the Diagonal (an) by half the Sum of the Perpen- 
diculars mp and cp; or the Sum of the Perpendiculars by half 
the Diagonal, and either of the Products is the Anſwer. 


Example. The Diagonal @n= 17.42; the Perpen- 8.71 
dicular mp=4, andcp=2.6r, half the Dia- 6.6r 
onal is = 8.71, and m p more cp = 6.6r, the — — 
| -Produdt of which 2 laſt is 58,06666, c. 5226 
Or half the Product of the Diagonal in the Per- 
pendiculars gives the Anſwer. Antw. 58. OI 


Prop. 2. To find the Area of the Parallelogramic, or 
Parallelopleuron. 

Defin. This Figure hath 4 Sides, 2 of which oppoſite are parallel, 
and of 4 Angles the 2 at each end being equal: as Fig. 12. 
Plate C. 

Rule. Multiply half the Sum of the 2 Sides (vr) and (s?) by the 
Length (7 wv) gives the Anſwer, Or a Diagonal (7 7) multiplied 
by half che Sum of 2 Perpendiculars let 


fall on that Diagonal from 5s and v. Sum r# + 5t=1.49 
Example. The Ends ru = 0.79 3; 5t=0.7; — 
Length w/=.8888, Sc. half the Sum 12 7435 
of .79 and. 7 multiplied in .8r . 66271. "Ih 8 
Prop. 3. To find the Area of the Polygram, — 
( ſometimes called an irregular Polygon, or 5960 
Multangle.) + | | 
Defin. This 1s any Geometrical Figure 2 66271 


having above 4 Sides, which are un- | 
certain, and generally unequal ; as are alſo its Angles: as Fig. 
13. Plate C. 2 
Rule. Firſt divide your Figure into Trapeziums and Triangles, 
and then meaſure the ſame as under Prop, 1. $24. 2. and Sec. 4. 


Example. 


Sgr. V. To meaſure. the Oilinden, Kc. It 46 K 


Example. Figure 13 is divided into, 
1. The Trapeziums (u tm ꝗ v) In the e. 26 de 159 12. 
2, —— —— — and gmprg | us=5.417, more 7. — 67 


3- And the Pg 1 1 ra 2 


K. 6117 


. 7 117404 
* Prod. 279.1571 


Prod. =53:36065 


In 2d | Tape 75 216. 73. e 
mn=4.5, more r = 2.31 6. ee 
3d or the O, qa . 72; the half = 5.36; SL 

nb Perpend. = 3.27 — — Prod. * 2222 

The Sum = the Area of the ir * 13. = 15O. +4495 


Prop. 4 To find the Area of a £1 192 2, 
Cylinder. 
Den. This Figure is defined Area of the curved? 
under Prop. 1. Chap. 2. part of the Cylin- 3.4446 | 
Rule. Multiply the Ambit or der is thergfore — ; 
Circumference of the Cylin- r a 1. 2 7854 
der by its Length, and to that Mito . 18 


Rectangle ad che double A- x. „„ $41 00 tel a 
rea of the Baſe or End, and Wool Ares (or Sun) u 
the Sum is the whole Area, | 

Example, Ambit of the Cylinder=g. 1436 5 Altitude as ao. the 


Diameter of the Baſe 1. ori: ert. 
But there are 2 other ways of doing this, — bunte and 
Altitude are equal. = ch 164 T anti; | 


As, 2dly, Multiply the Area of tlie Sphere having the ſame Dia- 
meter by 3, and divide by 2. 

Or, 3dly, 6 times the Area of the Baſe, or End, i is the Achter r. Thus 
6 times .7854 is 2 4.7124, as above. , ion 

Prop. 5. To find the. Convex Superficial Content of « a 1 

Defin. This Body i is defined where its Solidity nh, wth, - 4- 


Chap. II. and tis repreſented 6. W a Vr. 
Rule. The Area is 4 times that W * 5864164 
2 Circle; therefore having abe 


the Diameter found the Area 
of a great Cirele of any Sphere, Prod. = =. 11 8 Area Cirele. 
multiply it by 4, and you have 
the Anſwer. 1 — Laboe 
Exam. The Diameter of a, Sphere ** 453. 3904 = Area of 
being 12, the Area of the ſame  __ 
is 452.39, as per Margin, _ Prop. 6. 


466 To findthe Aris of the Parts of # Civele. Ch xv, 1. 

Prop. 6. To find the — vr (or Area) of a' Pyramid. | 

Dolle This is a folid ody, having (generally) a Square or ſome 
5 4-4 for its Baſe, being tapering like the Spire of a 

teeple, Ce 

Rule. Multiply the Circumference of the Baſe (or Sum of the Sides), 
by half the Altitude, and it gives the Superficial Content. 

Example. The Side of the Baſe of a Pyramid. (being. an. Octogon) 
18=5.65, that multiplied by 8=the 


Number of Sides, and tha? Product | 5.65. 
by half the 2 the laſt. | 8 
Product is the Area fi - — 
Prop 7. Do find the > os Gomes: ' The Total Sides = 45.20- 


Denn. The Cone is a Solid which hath a Half the Altitude = 30. 7 
Circle for its Baſe, from whence it is — 
gradually tapering upward till it te- Area = 1387.64 

© minate'in'a Point directly over the 
Center of its Baſe'zas Fig. 5. Plate C. 


Rule. As the Radius of the Baſe : Is to- 1. 7834: : 36 

the Side of the Cone :: So is the Area 4 i 
of the Baſe to the Area of the Cone. A - 

Example, Diameter of the Baſe = 6; 28.27 44.= Area of the 
N the 82 SI: So the Area - aſe. 

0 Baſe of the e is found | as | 
28.2744; and the Areaof the Cone, 2 2 4 5: a nn 


as bye che 2d-Analogy = 147,37 

Or Nete farther, That the Area of a Cone is = that of a Trian le, 
 whoſe/Petpendicular- is the Altitude of the Cone, and che Baſe 
= the Circumference of the Cone's Baſe: For in Example, 
1. K 416 5216; 18.8496, the Baſe or Circumference ; half of 
which N 0 d the. 167 gives Os Anſwer as before = 141 37. 


LAG 


Sie: ay v. 45 fut 1 the rea of the Parts of a Circle; as the 
Semirirch; 8 Sector, Segment, Lune or e. 
and the Trochoid. or Cedar Space. | 


The! I 15 *. — — the Semicirele, Wadrant,” and Seftors of "a 4 Circle,. 

1 | 

Defin. The Semi- Ta ' Half-Circle is the Space 8 4 mbd. | 
Plate C; the Quadrant or Quarter of the Circle is d mc d, he 

Sector is chrec or the like, leſs or more than a Quadrant. * 


Szen. V. To find the drea of the Bots of a cel. 467 


Rule. Multiply 1 fourth of the Ark, or Curve Line, by the Dia- 
meter of rhe Circle, and the Product is the Area required. 
Example. The Circumference is 3.14165 the Diameter of that 
Circle = 1. 7 
The Ark of the Half-Circle dc bm das bmd= 1.5708 
of the Quadrant de as mmd = .7854 
of the Sector cbrecaserb=1 05 
So that 1 fourth of 3.1416 =.7854 x by ly gives 7854 the Area 
. mo Circle. * 
1 fourth of 1.5708 = .3927 x by 1, ves .2927 Men 
Rado * Half. Citele. by © 39 
I 0 7854 2 1963 x b I, gives . 1 che Area 
1 ON Quadrant : 5 8 75 
& of 1,05 = 262 x 1 e arm, th af. 
: | of the Sector. * gt 
And the Area of the Sector cbr ec, leſs ths Ares af che Triangle 
9 ves the Area of the Segment enbre; Fig. 14. Plate C. 
893 Lune. 
Dy 1. This ® nnen increaing Moon 3 as 
arne, Fig. 15. 
Rule. Find firſt the Ares ef the Semicirle c 87 u. and n that. 
deduct that of the Segment at's and the Remainer is the Area 
22 n 
am iameter #4= 1, and conſt the 392 
Ark arn 1. 5208, and Area . 3927. : _ 
The Area. of the Sector eaoneis =.256, from which k 
deducting the Area of the Triangle nean =.135, _ 2 
the reſt is the Area of the Segment = no8c® e, there 
=.121; which taken from the Area of OT | 
WT reſt eth the Anſwer =.2717. ual Space. 
g - 3. To find the Arca f the Trochoid, or Grated by che Circle 
D This Figure (as 16, Plate O Eine 4 7c, the Point at 5 
(1909 which turneth round on g the Line again at c, the Cy- 
nning at 4, and when it tgꝗ che ä that to the Line 
cloidal Curve a bc is any 8 
Rule re 8 3 dre the”, 12 Area 10 Ciel Circle, — 
erefore havin 2 bs 
is (r b) 2 2857 3 and it produceth the Are * 


EE hy <a 51 ; Area of the Circle = 7854 and of 
* COIL E | CHAP 


4 To 27 the 2 Content of # On Cnap. n 


„ 8 
beat yo » 7 


. fo 292 c AP . 
* Menfwatim ef Side, 


85 * 0 r. 1. 7 0 76 fn the ſolid Cots of a Cylinder; Parallelopiged, Prifes, 
*0 <> 2 Cohke;" Pyramid, and Sphtre. 7 

R OP. 1. To meaſure the Cylinder. F | 

- Defin. A _—_ is a ſolid Bod having a 'Circle for its 

Baſe, and is of equal Circumference from one end to 


the other, like a Rolling · Stone for Walks, Sc. as the Figure 17. 


Plate . 
Rule. Multiply the Area of the Baſe (found as under Prop. 2. of 


Y 
Set. 2. Chap. 1.) by the Length, and the Product is the Anſwer, 


Example. The — of the Baſe, as (a b) or 

(c d)= 14.32, the Area of that Circle will be 161,056 
found r61:056 ; which multiplied by the Length 14.32 
(bc) 14.32, or (at) the ſolid Content, is = ; 
2306.32 192, as per Margin #7 51537 2 

Prog 2. To fog the ſolid Content of the Parallelopipedon 22547 975 
13nd of the Priſm. — 
2306.32192 


2c. his Solid is bounded by 4 Parallelograms, 
r Pardd. parallel, for the Sides; and 2 Squares 
158. Plate Grams, equal and parallel, for the Ends: as Fig. 
Rule, Multiply the 
Rectangle is the Alt. oſ the Baſe or End by the Length, and the 


Example. The End is a * 
Square whoſe Side is at the end 138384 3-72 


3.72; and the Length | 50 inverted 44.13 3.7 

= 31.44. See the O- 8 ier 

Peration, where (ac- 415132. 26784 

cording to the Me- | 138384 1116 

thod of working Caſe > 46 SPE 

2 of Cb. 3.) n 838. Area 
e Soli 

4350793 435.0793 =0o:4 Conte 


Note, 


SECr. I. To find the ſolid Content of the Cone, &c. 469 

Note, That a Priſm is meaſured alſo by multiplying the Area of 

the Baſe (which is either a Triangle or a Polygon) by the 

Length of the Priſm. This or the laſt Figure are three times a 
ramid of the ſame Baſe and Altitude. 

Prop. 3. To find the ſolid Content of the Cons: And 2dly, of a Pyramid. 

Defin. This Figure hath a Circle for its Baſe, and is defined Prop. 7 

Sect. 4. of Chap. 1. of this Appendix. 

Rule. Multiply the Area of the Baſe 9 — third of the perpendi- 
cular Altitude of the Cone, and that Rectangle is the Anſwer. 
But Note, That to find the Height (it being a ſolid Body) 
muſt be done by this Rule, as Euclid 47. 1. 

From the Square of the ſlant Height ( Fig. 19.) deduct the 
Square of the Semidiameter of the Baſe as (ma), and the 
＋. Root of the Remainer is the perpendicular Altitude (v1). 

Example. The Diameter d is 26, the ſlant Height m/=5 ; and 
conſequently the true Altitude (a) : for 5 ſquared leſs += 
ma ſquared, = 16=the Square of al; 

that is, 5 ſquared leſs 3 —_— iS=16z © 281274 

whoſe Root is 4 = a/. So that as 1.371 

I. 7854 :: 36. 28.274 = the Area of — 


the Baſe: Which multiplied by 1 third 84822 
of 4 = 1.3r, the Product is= 37.698671. — 
To meaſure the Pyramid, you muſt alſo mul- 94246 


tiply the Area of the Baſe by a Third 28274 
of the perpendicular Altitude : for as a — — 
Cone is 1 Third of a Cylinder of the fame . 37.698671 An. 
Baſe and Altitude, ſo is a Pyramid 1 Ms 
Third of a Priſm or Parallelopiped. *Tis defined Prop. 6. Se. 4. 
Chap. 1. of this Appendix. : L441 
Prop. 4 To find the ſolid Content of a Sphere. | 
Den. This is a ſolid Body, every way perfectly round, ſo that all 
Lines drawn from the Convex Area to the Center are equal. It 
is 2 Thirds of a Cylinder of the ſame Diameter of the Baſe and 
Altitude with the Diameter of the Sphere, or of a Cylinder cir- 
cumſcribe. | opt 


Rule. Find the Area of a great Circle, as Prop. 5. of Se. 4. Chap. 1. 
which multiply by the Diameter ; and 2 Thirds of the Rectangle 


is the ſolid Content required. 
Example. The Diameter of a Sphere being 12, the Area of a great 


Circle (as Fig. 6. Plate C.) is = 113.0976 ; which multiplied by 
| | the 


470 To meaſure the Tetrahedon, &c. CAT. II. 
the Diameter (or Length of a Cylinder) 12, the Rectangle is = 
1357.171, the Solidity of the Cylinder; 2 Thirds of which is 
the ſolid Content of the Sphere 904.7 808. 


Sz cr. II. To find the Solidity of the five Platonic, or Regular Bodies, 
viz. the Tetrahedron, Hexahedron, Oftabedron Dodecabedron, and 
Tcofubedron. | ** 


Prop. 1. To meaſure the Tetrahedron. | IN 

Defin. This is a ſolid Body bounded with.4 equal equilateral Tri- 

angles; and being meaſured as a Pyramid, it needs no other 
Rule than as under Prop. 3. of Se. 1, Chap. 2. See Fig. 20. Plate C. 

Prop. 2. To find the Solidity of the Hexahedron or Cube. „ 

Defn. This Solid is bounded with 6 equal Geometrical Squares. 

Rule. Multiply a Side in itſelf, and that Rectangle by the Side gives 

the Anſwer. See Fig. 21. Plate C. | 

Prop. 3. To find the ſolid Content of. the Oftabedron. | 

Defin. This Figure is bounded with 8 equal equilateral Triangles, 
which are the Baſes of as many Pyramids, which meet in the Cen- 
ter-of a Sphere, (out of which this Body is cut) ſo that it being 
8 Pyramids. (See Fig, 22. Plate C.) | . 

Rule, Firſt find the Area of one of the Triangles, then take with 
Callipers, c. the Diſtance between the Center of that Triangle 
and that of the-oppoſite.z by one ſixth part of which multiply the 
Area of any one Triangles and that Product multiply'd by 8, - 
this laſt Rectangle gives the Solidity required. 

Prop. 4. To find the ſolid Content of the Dodecabedron. 

Defin. This is a Solid bounded by 12 equal Pentagons, which are 
the Baſes of ſo many Pyramids that meet in the Center of this Solid, 
or of a Sphere out of which this Body is cut. See Fig. 23. Plate C. 

Rule. Therefore take with a Pair of Callipers the Diſtance from the 
Center of one Pentagon to that of its oppoſite, and by one ſixth of 
that multiplying the Area of any of the Pentagons ; 12 times that 

Rectangle gives the Solidity. Or twice the Diſtance of the oppoſite - 

Pentagons multiplied by the Area of 1 Pentagon, gives the Anſwer. 

Prop. 5. To find the Solidity of the Icaſibedron. Be 

Defin. This is the laſt of the 5 Platonic or Regular Bodies: it is 
bounded with 20 equal equilateral Triangles, which are Baſes to 
ſo many Pyramids, whoſe ſmall Ends terminate in a Point in the 
Center of a Sphere which circumſcribeth this Solid and out of 

- Which it is cut, (See Fig. 24. Plate C.) | 
Rule. 


Speer. II. Solid Content of a Parabolic Conoid, &c. 47 
Rule. Multiply the Area of one Triangle by 1 ſixth of the Diſtance 


of the Centers of 2 _ Triangles (taken with Callipers) and 
that Rectangle multiplied by 20 (the Number of Pyramids in the 


Body) gives the Solidity ſought. _ : 

I have not thought it-neceflary to give Examples to theſe 5 Rules 
becauſe there is not much more therein beſides the repeated Men- 
ſuration of a Pyramid, which is taught above. But I have chiefly 
inſerted them for the ſake of the Definitions, which I do not re- 
member to be in any Tract of Meaſuring, no more than many other 
things contained. in other Propoſitions of this Appendix. 


82 er. UI. To And the ſolid Content of the Parabolic Conoid, the 
8 3 the Cylindroid, the. Sphereoid, and the. Hyper- 
wad c Conti ' | 


Prop. 1. To find the ſolid Content of the Parabolic Conoid. 

Den. This Solid is generated by the Rotation of a Semi-Parabola, 
as (25 Fig. 8. Plate C.) round its Axis 35; and is = half 
of the circumſcribing Cylinder pqsx45p (or 1 and half of the 
Cone inſcribed). Therefore | | 

Rule: Multiply the Area of the Baſe by the Axis or greateſt Abſciſs, 
and half the Rectangle is the Anſwer: 1 ; 

Example. The Diameters of the Figure (as ap) = 14.32, the Area 

of the Baſe will be found-161.056 ; which multiplied by the Ab- 
ſciſs (s5) = 14:32, the Rectangle is=2306.32192 3. the half ot 
which is g 1163. 16096 the Anfwer. | 

Prap. 2. To find the Solidity of the Parabolic Spindle. 

Defin. This Figure is generated by the Rotation of the 2 

round its Ordinat, and is :3 of the circumſcribing Cylinder. 
Therefore | | | | 

Rule. Multiply the Content found as a Cylinder by 8, and divide 

by 15, the _ is the Anſwer, which needs no. Example. 

Prop. 3. To find the ſolid Content of the Cylindroid. | J 57 

Dein. This F 4 4 only differs from that under Prop. 1. $24, 1. of 
Cbap. 2. inaſmuch as that hath a Circle, this hath an Ellipſis for 

its Baſe: ſo that to meaſure it, e nt 

Rule. Multiply the Baſe found as per Prop. 3 Sec. 2. Chap. 1. by 
the Length, and that Product is the Anſwer. 

Example. Admit the Latus tranſverſum (as I, Fig. 7. Plate C.) by 
cd = the Diameter Conjugate, (i. e. ſuppoſe /z = 15.34, and 


(d= 


3% - Solid Content of the Cylindraid, &c. C uA . II. 


d 12,28) the Area is 2 147.95, which multiply'd by the 
Length = 1.871, the Anſwer is 279.45. 
Prop. 4. To find the folid Content of the Sphereoid. „ 
Defin. This Figure is generated by the Rotation of the Semi-Ellipſis 
round its Axis, or tranſverfum ; and *tis by ſome called the 
Problate Sphereoid, to — — it from that which is generated 
by the Rotation of a Semi-Ellipſis, which turns round its Dia- 
meter Conjugate, and is called and Oblate Sphereoid, (of which 
Figure, tis aſſerted by the moſt Learned, our Earth is, the Dia- 
meter at the Equator being greater than between the Poles.) 
This Problate Sphereoid is 2 Thirds of a Cylinder, whoſe Baſe's 
Diameter is = the greateſt Diameter of the Sphereoid, and irs 
Altitude =the Latns tranſverſum of the Ellipſis. 
Rule. Multiply the Area of a Circle, whoſe Baſe is the Conjugate 
Diameter, (or here the greateſt Diameter of the Sphereoid) by 
the Length, and 2 Thirds of the Product is the Content of the 
Sphereoid. | |; | | 
Example. The Diameter in the Middle = 14.32, as cd Fig. 7. the 
Area of that Circle 161.056, which multiply'd in the Length 
It=14, gives 200.48 ; 2 Thirds of which = 133.65, the Anſwer. 
Prop. 5. To find the Solidity of the Hyperbolic Conoid. 
Defin. This Figure is generated by the Rotation of the Semi- Hyper- 
bola (z bri) Fig. g. round the Abſciſſa zi; which formeth the 
© Hyperbolic Conoid brinzb. 
Rule. The Latus tranfverſam io, multiply'd by 6; more the Axis 
or the Abſciſſa iz multiply'd by 6 is = the Diviſor. 
2dly, Multiply þaisnzh = the Content of the Cylinder (whoſe 
Diameter is equal to the whole Ordinat hn, and its Length = 
the Abſciſſa zi) in 3 times the Latus iranſver/ium, more 2 times 
© - the Abſciſſa, and that Rectangle is = a Dividend; which di- 
vided, there ariſeth the Quotient, which is the Solidity required. 
Example. The whole Ordinat (or Diameter) n = 3.51, the Ab- 
ſciſe or Axis i2z=b84=2.43, and the Latuvirenſver/ium io 2.16. 
The Content of the Cylinder han 2 b, is therefore 223.13 ate. 
The Latus tranfverſum mult. in 3 =6:48 W Fo 
The Axis or Abſciſſa mult. in 2 = 4.82 EA | 


The Latus tranſverſum mult. in 6 2 12.96 265.0969 Prod, 
The Axis multiplied in 6 is = 14.46 18916 79.69 = 
== Sum Diviſor =27,42 24649 (he Anſ. 


Scr. IV. 


CHAN I. The Solidaty of the Fra/tams of a Cont, &c. 478 
10 Wibilos add = $40.22, ei uber Hat fi to Hin 2A 1 
Szer. IV. To find the Solidity of the Fru uns" of a ere, 
POL. if} 5 M n 2 and ee — * 5. | oY * 
A Aa 3 WB I 
Prop. 1. To find 'the ſolid Content of. the Bes, fs ae Pyramid. 
Dau. This may be done ſeveral ways: as to find the Copreyp of 
that che Cone fu rin. Hg. rg. Plate C. 
Rake. 1. Find the Content oi the whole Cane (dl i e 
che Content of the upper pet (rlr) the reſt is the Content 
0 a Ar run Fret : 1 03 ub 9: 
All the difficulty (mote Than as Prop. 3. See. I. of this — to 
find the Height (4/) which is done by this Rule, Thar the ho- 
+ . mogeneat Sides of fimilar Friangjes are in proportion : ſo that as 
', ÞLMY :::18.4.m , yohence a Perpendicular let fall to 4, is the 
true Akitudet oſ the Gees. 
Rule 2. But more general for 4 Cone, Pyramid, — doin 
part: Multiply the Areas of the mal Ends together, 
extract the Square Roat of the then multiply the Sum 
0 W Root, and a: Areas of the Eads. by one d of the 
RE andi the Produtt is che Content. 
— erb. Plate 2 Area of the greater Baſe (modxm) 
ag. pw leſſer End (as rr 51) =15.5 ; the Product of 
which is = 569.16, whoſe Square Root is 23.857 ; which added 
tothe >\Areas,” gives==76:077 which multipſy'd by r third of 
the — — the Produdt'is the bi | Content of the 
Fruſtum a 505. 1597 Ng 4 
2. 5 ee oi Contr ofthe re Y Her or Glabe. 


— E dr r 


Rate F Fi the Area of the Se men's Baſe, which multi the 
Altitude, lane te PIE: Then by: wy 


To half the Altitude of the greater Fruſtum add 1 Sxth of rhe Al- 
titudo oi the leſſer; and. multiply the Sum by the reſerv'd Rect- 


te; and divide this luſt by che — F . Ger Altitude, and 
A is the leſſer Fruſtum's 


quired. 
Example. Diameter of the Fruſtum = 14.832 . . 46 
Its Alrtade'= >... 
Altit. of the greater Fruſtum = n9=7 | | Reſerv'd Rectan. hy; 3 
Half that Altitude is — — =3.5 8 Iti 

1 Sixth of the Altit. of the leſſer = 8; Pry —— 
* Product = 3885.3 
Ppp 1 Seven 


7.7 


55 — dphereih Ac. Cn N. 


TY pe” of which laſt Product is = 555.044 = the Solidiey of 


— 


Pruſtum required W 14 6 * ys 2 £11 * A 0 * FI » 12 2 
Note, That if 52 you dvide wy 7 Ct the Diameter of the 
Fruſtum"s Baſe by t titude 0 ber ruſtum, the Quote is 
+.» "the bee Prout Miitadr MAS 7 
Prop..'3 . To. nd be ſolid Content of de ddr Bages of Sphrrevia, 
Defin. This is repreſented by raitery Rx. v. Nike a Caik; - 
Rale. The eaſieſt Rule, and what is hearithe. Drach, | is! this: Mul 
tiply the Difference of the Bung and Head Diameters by. , and 
add the * to Arg —_ 8 to chat of the Caſk 
Area of a Cirele, mu it Length the 
"nd that Protiuft ix'the! Anftee, - Dia (e) ad gin 2d. | 
Example The Bung Diameter 20 = cd. Head 15 Relive i i, 
Length. ab. = 12 The Difference between che Buag and Head 
=5, which multiply*d by .7 is 3.5 ; which auded te ch Heu@: g, 
gives 18.5 for 4 mean Diameter, whoſe" tea is 268.809; 
which multiplied by the Length: 1a, tlie — who 638 
S the Content of the ſaid Fruſtum'(rawdoir) po 
Note, That if the Sphereoid be cut in the: naddk bf ( 2 a 
Plain (r a] that part (r ib 5: Nina 2: 1 — 
e . * 875 n] NR 


eaſuring a greater 22 85 of Superſcies and 


A. believe haye 5 iache. Pages gag abe . * 


Side E a k wrote purely on tha eontains : und 
to 2 this 2 of Solid e der _— —— The 
Wie al its Content 

See ay ater For Example, f I would: know 
the ſolid MITT 0910 aggot. ne 503 10 £3714. Sch bn . 
Firſt, k ; ; | 6 Ingh, by 20, uud is 
4 Parallelopi I ind . 30 Jacks 
) into „ſo ag t over with Wa- 


* 


ter; , 
3 more than before, the Faggot was war in ſo the ſaid 36 
=720 malig bo this 5 prodeget12360, the Inches fl car 


in the Faggot I 


1A . ufo. 1 1591 * od lo AHA 
— — 2 bung A reds H 


Us 
4 if * - ＋ * " " . * . 
| 14 f. = 2e sch to 307! 6: 1 0 f 


* 
* 4 : 1 
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* 


Inſtruments to be uſed in the Phra 
veral things, &c. 
s Work abe by the Foot and 100 Pars: 
Ba Diviſor being 272 and a quater, (which is the Feet in 
one * or the Square of 16 Foot and half) to reduce Feet 
into Rods, by which Denomination they value their Work: it 
is neceſſary that the Superficies of the Walls being the r 
ſhould be Feet and Decimal Parts, the Divi- 
for or + Rod, Brick and half thick is = 274.25 Fee: 
Or without the Rod, the ſhorteſt Way is to mul - Oara 
tiply any Number of Feet by the Value f äͤͤ 
Foot at the Rate agreed on per Rod, as at 5.4480 
L 5: 1005 the Foot is in Value. 020202, erence 
Here the Multiplier being .020202, Sc. or 0272 549973 
Lonly multiply the Feet'on the flag Wall by 2, 
and add every other of the Product till there are but 2 
places left, which put down as in 
Example 2. What is the Value of 1361.25 Foot, Brick and half 
thick, at /..0202020202, Sc. or ,02r2 H. per Foot, or J 5: 10 
| per Rod. See Open. Gian. 
* 7361. 25 
Mult. =02r 


As per Rule, add wes ee range 
Sum or — 27.4999, &c. or J. 27.5 


Note, That all 1 et be ee al Brirk and balf thick by 
Multipling the Superficial Feet ES Ia which the Wall 
is thick, and Dinnding by 3. 
Carpenters Work, The common ee Pace. as any other 
en to meaſure. Floorin ioning, and Roofing ; 
being each valued VS 100 Foot : ſo that Feer 
mcg) d b Feet, an e cut off towards the right 
hand, give : e Squares toward left hand. 
Painters and Plaiſterers giving in and valuing their Work by the 
Yard, I think the beſt Inftrument for them to take their Di- 
menſions with, to be a Yard * into 100 equal — 


* os 


{ * Brief and. Gaal Abgeben &< 
ers Work and Glaſs _ valued by the Foot, and Crown-Glaſs 
being to be done accurately, ought ta be een by dhe Foot, 
and ecimal, or 100 — W a Foot. 

Foiners Work (as Wainſcoat, eſpecially Oak) being valued — the 
Yard, ought to be meaſured by the 'F oot di into 100 Parts, 
(as being of conſiderable Value) and the Sum of the Feet dvi 
ded by 9. (the Square Feet in a Yard.) 

Land. The beſt Inſtrument to meaſure it with, is a 4 AIC 
divided into 100 Parts or Links: for 40 fiogle Pole long an 
4 broad making 160 = Perches or 1 Acre; if the Chain be 

4 Pole long, then 10 long and 1 broad make an Acre. So that 
whatever the Dimenſions be in ſquare me and . hun- 
dred Parts) inſtead of dividing them 


| | 160, if they were meaſured by a one Pole iff Oban,” 75 | 
Y Chain, here you have nothing to do but 40. — 
to cut off gj places from any Product to 30.40 110 


give the Acres. As ſuppoſe a Field be l 
40 Chains and 30 Links long, and che 122,51200 Acres 


Breadth 30.40 Chains; the Content, by 1847 219 
dividing the Product by 10, (or cutting off 1 place belides'the 

4 vive are Decimals) is ee Acres, | 1" c bus Pn 
” '? K 4 | / : : 2 
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